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PREFACE 


In  accordance  with  instructions  issued  at  tlie  commence- 
ment of  this  inquiry,  attention  has  been  specially  dii-ected 
towards  obtaining  facts  bearing  on  the  truth  or  otherwise  of 
two  hjq^otheses  regarding  the  cause  of  cholera — namely,  the 
theory  of  its  fungoid  origin,  particularly  the  one  advanced 
by  Professor  Hallier  of  Jena ;  and  the  theory  of  the  connec- 
tion existing  between  cholera  and  certain  conditions  of  the 
soil,  promulgated  by  Professor  Max  von  Pettenkofer  of 
Mimich. 

In  both  theories  the  existence  of  a  specific  poison  of  an 
organised  nature  is  maintained — a  germ  ;  and  both  savants  be- 
lieve it  to  exist  in  the  alvine  discharges  of  a  person  affected  with 
cholera.  The  Mimich  Professor  does  not  risk  an  opinion  as  to 
whether  it  belongs  to  the  animal  or  to  the  vegetable  kingdom, 
but  infers  that  the  soil  is  the  nidus  in  which  it  grows; 
whereas  Professor  Halher  maintains  that  it  multiplies  in  the 
human  body,  and  unhesitatingly  afBxms  it  to  be  a  fungus. 

An  account  of  the  observations  which  have  been  made 
in  order  to  test  the  views  advanced  by  Professor  Hallier  will 
occupy  the  first  portion  of  the  report ;  and,  as  in  the  course 
oT  the  investigation  my  attention  has  been  directed  to  a 
consideration  of  the  microscopic  objects  which  are  found  in 
the  evacuations  of  cholera  patients,  a  description  of  them 
will  at  the  same  time  be  given ;  together  with  illustrations 
of  various  initiatory  experiments  bearing  on  the  general 
question  of  '  disease-germs.' 

T.  R.  L. 

April  1870. 
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A  globular  cyst-like  body  observed  in  choleraic  dejecta  ...  v.  1 

Effect  of  liq.  potassa)  upon  No.  1              ...              ...  ...  „  2-  Ji 

Two  sizes  of  the  globular  cyst-like  bodies  as  at  v.  1    ...  ...  vi.  1-2 

Appearance  after  the  addition  of  acetic  acid               ...  ...  „  3.5 

Globular  cyst-like  body  surrounded  by  a  compact  fibro-albuminoiis  ^ 

layer  ...  ...  ...  ...  ...  vii.  1-2 

Effect  of  ether  after  the  previous  application  of  liq.  potassaj  ...  3..J, 

Bodies  resembling  the  "  cholera  cells  "  of  Swayne.    They  are  ova  of 

ordinary  Kound-worms    ,.,  .,,  ,,,  .,,  viii.-xi. 
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Same  as  viii. — Also  treated  with  ether.  No.  3  was  ruptured  by 
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Plate  IV  {opj^osite  page  6.) 
More  highly  magnified  specimen  of  Fig.  viii  ...  ...  xi. 

After  the  addition  of  acetic  acid  ...  ...  ...  ,,  1-^ 

.  of  iodine  and  absolute  alcohol         ...  ...  .,  3 

.  of  absolute  alcohol  only...  .... 

Ova  of  acarus  {domesticus  ?) — sometimes  found  in  ctoleraic  and 
other  dejections 

Partly  disintegrated  acarus  obtained  in  a  cholera  stool  (magnified 
by  a  low  power) 

Hio-hly  stained  specimen  of  the  ovum  of  Trlrocephaliis  {clispar  ?)— 
"  probably  the  body  delineated  at  No.  2,  Fig.  iii,  in  Dr.  Brittan's 
drawing 

D  Itto  ruptured  by  pressure     ...  ...  ...  •  •  • 

Hicbly  stained  specimen  of  the  ovum  of  an  ascaris  found  in  the 
°  same  stool  (cholera)  as  the  foregoing— ruptured  by  pressure  ... 
Mycelium  escaping  from  an  aggregation  of  molecules  (micrococcus). 

Spores  not  visible  (cholera  stool) 
Germinating  spores,  together  with  mycelial  filaments  (cholera  stool) 

Plate  V  {opposite  page  8.) 
Fungus  developed  in  a  cholera  stool.    A  later  condition  observed 
In  the  preparation  delineated  at  XV  ... 

Spores,  some  of  which  have  germinated  ... 

Mycelium,  upon  which  dilatations  or  macroconidia  {m)  are  seen  ... 
Filaments  with  bulbous  terminations 

Fertile  filament  terminated  by  a  cyst  or  sporangium,  the  contents 

of  which  is  seen  to  have  contracted  withm  the  capsule 
The  "  Isolating  Apparatus"  used  in  some  of  the  experiments 
Funnel  containing  a  plug  of  cotton  wool  ... 

Flask  containing  strong  sulphuric  acid      ...  .•■  ••• 

Shallow  dish  (containing  a  solution  of  permanganate  of  PoW,  w.Ui 
bnauow  aisu  v     ,  in.sideof  which  is  a  small  wire  st.ago  loi 

deS^tt'prc^^t^tio"  above  the  level  of  the  fluid  in  the  dish 
An  Aspirator  filled  with  water.    One  ftiTow  represents escape  of 
the  lat  c«5  and  the  other  arrow  shows  the  course  winch  the  enter- 
[„gah  hasto  take  before  it  can  replace  the  escaped  water  ... 

Plate  VI.  {opposite  page  10.) 
Fungi  which  were  developed  in  a  cholera  stool  ... 
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Fertile  filament  of  Aspergillus;  some  of  the  spores  (conidia)  are 

seen  falling  off,.. 
Ditto          ditto  Penicillium 

Cells  of  various  sizes  in  the  cultivation,  probably  modified  spores  ... 

Very  thin  filaments  terminating  in  excessively  delicate  mucor-like 
cysts  or  sporangia,  some  of  which  are  filled  with  elongated 
spores  ...  ...  •••  •••  •" 
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Plate  VII  {opposite  page  12.) 

Highly  developed  specimens  of  mycelial  filaments,  with  numerous 
dilatations  [Macroconidia) ,  which  separating  are  found  as_  free 
cii-cular  cells  in  the  field,  capable  of  germinating  like  ordinary 
spores  (cultivated  in  cholera  discharge) 
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Plate  VIII  {opposite  page  14.)  „ 
Fungi  developed  in  ordinary  evacuation. 

Spores  in  process  of  germination  ,,,  ...  ...  xxi. 

Micrococcus 

Penicillium  glaucum             .,,  ...  ...  ...  xxii. 

Aspergillus           ...              ...  ...  ...  ...  „ 

Numerous  filaments  of  Oidium  lactis,  con'esponding  to  the  "  cholera- 
fungus"  of  Thome         ...  ...  ...  ,,.  xxiii. 
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Plate  IX  {opposite  page  16.) 

Fungi  developed  in  ordinary  evacuation. 

Spores,  cysts,  and  filaments  of  Mucor  in  various  stages  of  develop- 
ment ...  ...  ...  ...  ,..        xxi  v. 

Escaped  spores      ...  „,  ...  ,,.  .,,  „ 

Detached  cyst  or  sporangium  ...  ...  .,,  ...  „ 

Cysts  still  attached  to  the  fertile  filaments  ., .  ...  ...  „ 

Heads  of  fertile  filaments  (Columella),  with  the  remains  of  the  rup- 
tured cyst-capsules  still  attached        ...  ...  ,,,  J J 

N.  i?.— Compare  Nos.  2  and  3  with  Hallier's  figures  (Plate  I,  Nos.  2 
and  8). 

Ruptured  mucor  sporangia      ...  ,,,  ,,  ,,,  xxv. 

A  ruptured  cyst  with  spores  escaping        ...  ...  ,,,  „ 

Ditto    the  spores  having  completely  escaped       ...  ,,,  „ 

Ditto    detached  from  its  stalk  ...  ... 

A  mucor  cyst  detached  from  the  fertile  filament.    The  spores  are 

seen  to  escape  through  the  capsule      ...  ...  ...        xxvi.  1 

Axperailliis  fructification  simulating  that  of  mucor ;  a  glutinous 
film  surrounding  it,  thus  keeping  the  spores  or  conidia  together. 
The  fertile  filament  is  seen  to  be  partly  ruptured  ...  ...  2 

Detached  Aspergillus  heads  of   various  sizes,  the  spores  being 

held  together  by  means  of  some  glutinous  material  ...      'xxvii.  1-2 

Ditto  in  process  of  germination.  N.  5.— Compare  with  Hallier's 
drawing  of  the  mature  cholera-cyst  in  the  same  condition  (Plato 
I' -No-  11)     ...  ...  ...  ...    3 
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Plate  X  [opposite  imge 
Fungus  developed  in  ordinary  stool  {mucor). 

Appcavauce  of  tho  Mycolium  on  tbo  second  and  third  day 

A  Icvtilo  filament  wbicli  crept  out  of  the  preparation,  and  wliich  boro 
a  distinct  cyst  on  the  seventh  day.  Defined  spores  could  not  bo 
distinguished  among  tbo  contents 

Growing-cell,  in  wliicb  is  seen  the  position  of  tbo  preparation  through 
the  thin  covering-glass.  Between  this  glass  and  the  subjacent 
glass-slide  the  fungus  (xxviii)  above  desci-ibcd  was  cultivated. 
The  varying  diameter  of  the  segments  of  the  circles  enclosing 
the  preparation  permits  the  entrance  of  air 


xxvni. 
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Plate  XI  (opposite  page  20.) 

Globules  of  a  fatty  nature  simulating  "  cysts,"  "  spores,"  &c. 
Greenish-yellow  globules  which  formed  a  considerable  portion  of  the 

sediment  of  a  cholera  stool 
Spherical  form  of  ditto  ;  tho  tinged  portion  is  seen  to  be  contracted 

from  the  delicate  pellicle  which  encloses  it 
Oval  and  irregular  shape  of  ditto 

Appearance  presented  by  the  foregoing  in  the  course  of  four  hours ... 
Vanished  suddenly,  a  pale  "  ring"  only  remaining 
Granular  appearance  which  occasionally  preceded  this  condition  ... 
Granular  appearance  of  ring-like  remains  ... 

Spherical  body  with  a  dense,  tinged  substance  (oil)  centrally  situated 
An  aggregation  of  the  foregoing  globules  surrounding  a  phosphatic 
crystal  ...  ■••  ••• 
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Plate  XII  (opposite  page  22.) 

Microscopic  appearance  of  a  distended  blood-ceU  at  various  distances 

from  the  object-glass 
Aspect  presented  by  the  blood-cell  at  the  end  of  three  hours 
Blood-cells  from  a  cholera  stool  ... 

Presenting  a  single  hyaline  protiirsion,  capable  of  being  retracted  ... 
Presenting  two  retractile  protrusions 

The  protruded  portion  after  a  time  is  frequently  not  retracted,  bvit  is 
seen  to  trail  with  the  cell  when  the  covenng-glass  is  shifted, 
as  long  as  the  cell  is  visible 

Blood-cells  similar  to  the  foregoing  (xxxvi)  observed  in  "  Chylous" 
urine  ...  •••  •••  . 

Some  of  the  aspects  presented  by  these  cells 

Various  forms  assumed  by  one  of  the  larger  corpuscles  present  . . . 
Embryo  of  a  Kound-worm  imbedded  in  a  mass  of  gelatmiscd  sub- 

stance  which  formed  in  "  Chylous  urme 
Embryo  (of  a  larger  size  than  that  delineated  at  xxxviii).  after 

the  addition  "of  acetic  acid.    Tho  hook-liko  appearance  is  only 

evident  in  certain  iiositions  ...  •••  ••• 

The  raudaUursa  which  became  evident  after  prolonged  action  of 

the  acid 
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xxxvi. 
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xxxvin. 


xxxix. 
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Plate  XIII  {opposite  page  2-1.) 


ir3'alinc  appearance  occasionally  seen,  when  examined  early,  of  the 

cells  associated  with  the  yZo<;ri!«^»  in  rice-water  stools  ...  xl. 

The  granular  aspect  presented  by  the  preparation  delineated  at  xl 

after  24  hours  .,.  ...  ...  ...  sli. 

Animalcidte  which  appeai'ed  in  the  evacuation  on  the  fifth  day. 
These  generall3'  present  a  distinct  nucleus  and  frequently  two 
.anterior  filaments,  which  the  animalculiB  figured  in  plates  xv 
and  xvi  do  not  ...  ...  ...  ...  xlii, 

TheyiofiouU  and  the  cells  imbedded  therein  observed  to  be  granular, 
although  examined  ahnost  immediately.  The  granular  mass 
observed  at  the  upper  corner  of  the  figure  may  be  defined  as  a 
Micrococcus  Colony,  produced  by  the  disintegration  of  the 
substance  into  molecules   ...  ...  ...  ...  xliii. 

Movements  exhibited  by  the  coi-puscles  associated  with  the  flocculi 

when  freed  from  the  meshes  of  the  membranaceous  substance  xliv. 

Appearance  of  the  corpuscles  associated  with  the  Jlocculi  after 

the  addition  of  weak  acetic  acid  and  iodine          ..,  ...  xlv. 

Plate  XIV  {opposite  page  26.) 

The  elongated  form  very  commonly  observed  of  the  coi-puscles 
imbedded  in   the   flocculi.     Some  are  granular,  others  arc 

...  ...  ...  ...  ...  xlvi. 

Appearance  presented  by  the  preparation  (xlvi)  after  the  addition  of 

iodine  solution  ,,.  ,..  xlvii. 

SarcincB,  as  commonly  observed  in  cholera  and  other  stools  ...  xlviii. 

Accumulations  of  a  fatty  nature  ...  ...  ...         xlix,  1 

Little  pellets  which  possess  the  power  of  altering  in  form  and 
position 

Forms  assumed  by  owe  of  the  foregoing  ... 
Very  active  animalculaj 

Various  forms  assumed  by  the  gelatinous-looking  substance  depicted 
at  xlix,  No.  3  ...  ... 

Animalculaj  in  a  globular  "  still "  condition 

Various  forms  assumed  by  one  of  the  forciroino-  y 

Plate  XV  {opposite  page  28.) 
Illustrating  the  various  stages  in  the  existence  of  the  animalcule 
which  have  been  observed  in  alvine  dejections. 

The  aspects  usually  presented  by  these  animalculiB  when  seen  in 

evacuations     ,..  ...  ^ 

Appearance  of  the  preparation  delineated  at  figures  xlix— Hi  on  the 
tourth  day  ;  many  of  these  jelly-like  masses  are  animalcula; 
wnich  have  become  inactive  , . .  ]i 

Various  forms  assumed  by  a  single  animalcule  immediately  before 

It  became  mactive,  as  at  liii  ... 
Effect  of  re-agents  on  the  masses  depicted  at  liii 
After  the  addition  of  acetic  acid 
"  -  absolute  alcohol 

~        ■  ether  and  alcohol 

Mr.  Bei-kcley's  growing-cell     ,..  '*  "' 
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Three  stages  in  the  "life  history"  of  the  animalcule,  ahove  des- 
cribed, which  were  followed  out  by  continuous  observation  in 
the  Berkoley-coU 

Plate  XVI   (opposite  paye  30.) 

Large  granular  cells,  amongst  which  very  active  animalcule  are  seen 

(cholera  evacuation) 
Cells  associated  with   the  foregoing  (Iviii)  and  closely  resembling 

them,  but  exhibiting  pseudopodial  movements 
With  a  single  vesicle-like  protrusion 

Exhibiting  protrusions  from  more  than  one  portion  of  its  substance. 
The  projected  pseudopod  appears  to  have  passed  through  an  external 

envelope  in  one  case  (3),  whilst  the  projection  seems  to  consist 

of  the  external  layer  itself  in  the  other  (4) 
Projections  which  were  no  longer  retractile 

A  large  corpuscle  presenting  movements  of  an  amajhoid  character... 
Blood-ceUs  altered  in  appearance ;  the  result  of  osmosis 
Animalcule  (cholera  stool) 
Blood-cells 

One  of  the  blood-cells  from  the  group  (No.  1)  altered  in  appearance 

by  one  of  the  animalcules 
AnimalculsB  with  blood-cells  intimately  adherent  to  their  substance. 

The  animalculse  in  this  case  are  somewhat  larger  than  ordmarily 

met  with  (cholera  stool) 
Appearance  assumed  by  blood  corpuscles  from  a  healthy  person, 
.      which  had  been  added  to  a  portion  of  filtered  cholera  stool  ... 
Stellate  appearance  of  the  red  cells 
White  coi-puscles  ... 

White  corpuscles  spread  out  like  an  amceba 

Subsequent  aspect  of  the  red  cells.    The  condition  usually  observed 

when  found  in  alvine  discharges 
The  alterations  observed  to  take  place  in  a  single  white  coi-puscle  ... 
White  corpuscle  sun-ounded  by  a  halo-like  pellicle 
Corpuscles  and  animalculaj  observed  in  the  stool  of  a  perfectly 

healthy  person  ...  ■•• 

As  seen  immediately  after  being  voided  ... 

As  they  appeared  24  hours  later 

Plate  XVII   (opposite  page  38.) 
Illustrations  of  the  development  of  the  lowest  forms  of  life. 

Monads 
Bacteria 

Vibriones  ...  •••  *" 

Leptothrix 

Appearances  presented  in  a  filtered  solution  of  organic  matter  («n- 

fioi^erf)  on  the  second  day  ... 
Ditto  third  day,  showing  the  appearance  of  the  "heaps"- 
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Appearances  presented  in  a  filtered  solution  of  organic  matter  {un- 
boiled) on  the  fifth  day,  vibriones  increased  in  length 

Ditto    ditto,    circular  bodies  developed  in  the  midst  of  the  heaps 

Developed  on  the  third  day  in  a  solution  of  organic  matter  {boiled) 
Plate  XVIII    (opposite  page  4.2.) 
Illustrations  of  the  development  of  the  loioer  forms  of  life. 

Objects  presented  in  a  boiled  and  filtered  solution  of  organic 
matter  towards  the  end  of  the  third  week 

The  animalculjjc  present  in  the  above  solution,  which  toT^ards  the 
end  of  the  fifth  week  could  not  be  distinguished  from  those 
described  as  being  present  in  the  alvine  discharges,  both  in 
the  active  and  "still"  condition. _  The  nature  of  the  green 
cells  in  the  midst  of  the  molecules  is  not  known  ... 

Spores  developed  in  another  test  tube  containing  a  portion  of 
the  organic  solution  used  at  Ixix— Ixxi.  N.  5.— This  tube  had 
been  breathed  into 
Ditto  in  process  of  germination 
The  appearance  of  the  spores  (Ixxii) 


FIGURES.  NOS. 

Ixvii. 
Ixviii. 
Ixix, 


of  gum  water 


as  nlodified  by  the  addition 


Dr 


Maddox's  slide  for  cultivation  experiments.  Two  strips  of 
tinfoil  are  seen  to  intervene  between  the  glass-slide  and  the 
thin  covering-glass,  with  the  preparation  in  the  centre.  The 
an'ows  indicate  the  spaces  left  open  for  the  admission  of  air  ... 

Plate  XIX  {opposite  page  44.) 

Illustrations  of  the  development  of  loio  forms  of  life. 

Amoeboid  bodies  which  appeared  in  a,  boiled  and  filtered  solution 
of  organic  matter  on  the  fourth  day 

The  various  foi-ms  assumed  by  one  amoeba  ... 

A  portion  of  the  substance  of  the  amoeba  becomes  detached        , , . 
The  detached  portion  exhibits  movements  .. . 
Process  of  division  into  two  portions  of  nearly  equal  size 
Segmentation  complete 

Appearance  of  a  contractile  vacuole  in  the  detached  segment 
Ditto  fifthday       ...  ...  .,,  • 

Amocbas 

Ditto  becoming  stellate  on  the  addition  of  water 

The  form  subsequently  assumed  by  No.  2  ...  ... 

The  subsequent  history  of  the  amoebse  (Ixxvi — vii) 

Amoeba)  creeping  across  the  field  and  discharging  their  contents 

Amoeba;,  which  became  circular,  and  active  movement  was  set  up 

among  the  aggregated  molecules.    A  bright  halo  is  seen  to 

surround  the  globular  mass 

The  hfilo  disappears  and  the  contractile  vesicle  vanishes  ... 
The 

mass  becomes  broken  uj)  altogether    ...  .,, 
Illustrating  the  changes  which  occurred  in  two  solutions  of  organic 

source,  placed  on  under  two 


matter  obtained  from  the  same 


Ixx, 

Ixxi. 

Ixxii. 
Ixxiii. 

Ixxiv. 
Ixxv. 

Ixxvi. 


ixxvn. 


Ixxviii. 


covering-glasses  upon  one  slide 


Circular  "  yeast"  cells  and  anguillules  1  which  appeai-ed  in  one  of  the 
preparations  ... 

Developmental  stages  of  a  young  Paramecium  ,,, 


Ixxix-lxxxiii. 

Ixxix. 
Ixxx. 
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The  illustrations  are  all  drawn  to  scale  with  the  aid  of  the  camera  lucida, 
and  the  magnifying  power  used  is  attached  to  each  figure. 

The  diameter  of  the  object  in  any  of  the  figures  may  readily  be  obtained  by 
comparing  them  with  the  one-thousandth  of  an  inch  scale  placed  at  the  foot  of  each 
plate. 

These  plates  have  been  engraved  in  the  Office  of  the  Surveyor  General  of  India. 
They  are  very  faithful  copies  of  the  original  drawings,  and  will  bear  favorable  com- 
parison with  the  work  of  engravers  in  Europe,  who  are  habitually  engaged  in  this 
kind  of  employment.  I  am  under  great  obligation  to  the  Surveyor  General  and  also 
to  the  Assistant  Surveyor  General,  Captain  W.  G.  Murray,  under  whose  immediate 
superintendence  the  work  has  been  done. 
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FIG.  I.  HALLIERS  DRAWING  OF  THE  "CHOLERA  FUNGUS" 


INYESTIGATION 

INTO  THE 

MODE  OF  OEIGIN  AND  SPREAD  OF  CHOLERA. 


PART  I. 

■ 

CONCERNING  THE  THEORY  OF  THE  FUNGOID  OEIGIN  OF  CHOLERA 

AND 

THE  MICROSCOPIC  OBJECTS  FOUND  IN  CHOLERAIC  EVACUATIONS. 

The  theory  of  the  fungoid  origin  of  cholera  is  based  upon 
the  result  of  certain  experiments  instituted  by  Professor 
Hallier,  with  the  view  of  ascertaining  whether  any  special 
organisms  could,  by  means  of  artificial  cultivations,  be  ob- 
tained from  choleraic  discharges.  These  experiments  have 
been  repeated  many  times  in  Calcutta,  but  as  the  daily  notes 
of  each  cultivation  would  occupy  so  much  space,  I  propose 
giving  a  short  summary  of  a  few  of  the  cultivations,  illus- 
trated by  some  of  the  camera  lucida  drawings  which  have 
been  accumulated  dm'ing  the  investigation.  It  may,  how- 
ever, previous  to  doing  so,  be  well  to  state,  in  as  few  words  as 
possible,  what  the  theory  really  is.  As  the  Professor  has 
published  the  result  of  his  labom-s,  a  short  epitome  of  liis 
brochure,  weeded  of  as  many  technicalities  as  such  a  subject 
will  permit ;  together  with  a  selection  of  the  leading  figm'es 
in  the  plate,  attached  to  the  book,  will,  it  is  thought,  best 
serve  to  convey  his  meaning. 

Some  choleraic  discha-rges  were  sent  to  the  Professor 

at  Jena,  obtained  from  a  patient  at 
Epitome  of  Haiiior's  ciiUi-    Berlin  during  the  epidemic  of  1866. 

vations,  compiled  from  his  ,  °        .      ^      „  ■^^'^\f, 

treatise.'  and  auothcr  specimen  irom  a  patient 

at  Elberfeld  during  the  epidemic  in 


"  Das  Cboleru  Contiigium. "    Vou  Dr.  Ernst  Hallier.    Leipzijf,  1867. 
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A  SUMMARV  OF  HALLIKk's  VUCWS 


1867.  These  were  examiued  microscopically  and  found  to 
contain : — 

1.  Cysts  of  a  yellow  or  broAYnish  colour,   wliicli  he 

for  some  time  believed  to  be  the  fruc- 
Discovery  of  cysts  in  cho-    tilication  of  iiroci/slis  :  somc  of  tlu'se 

lera  discharges,  which  seem-     i,  .,1    „    ,  „        •        '   i  ji-  i 

ed  at  first  sight  to  present  ^i'''^^  ^.  ^cry,  UTeojular  Outline,  and  at 
no  organised  structure.  first  siglit  scemcd  to  posscss  uo  Organic 

structm^e,  caution  being  necessary  not 
to  confound  them  with  masses  of  fat ;  application  of  pre'ssiu-e 
was,  however,  found  sufficient  to  discriminate  between  them. 
A  drawing  is  given  of  some  of  these  in  a  swelled,  broken  up 
condition  (Pig.  i,  1). 

2.  Here  and  there  a  few  other  cysts  were  seen,  con- 

sidered to  be  of  the  same  kind  as  the 

organise*'!^*^  ^^"^^  distinctly     fQ^.ggQjj^g  .   ^]^gy  ^^g^g  Sphcrical  Or  OVal 

cysts  vaiying  considerably  in  size, 
enclosing  a  number  of  yellowish  shining  spores;  the  spores 
also  varying  in  size,  as  may  be  seen  by  a  reference  to  the 
accompanying  figures  (Fig.  i,  2). 

3.  Groups  of  swollen   gelatinous   spores  surrounded 

l3y  finely  molecular  matter  (  Fig.  i,  3) . 
sSeTconditirn!°'"'     ^    Others  appear  granular,  and  some 

show  indication  of  fission. 

4.  Micrococcus. — The  molecular  matter  just  alluded 

to,  supposed  to  have  originated  from 
"micrococcus'!"  ^ho  brcaldng  up  of  the  plasma  m  the 

"spore,"  a  little  heap  often  being 
observed,  corresponding  to  the  previously  existing  spore, 
called  a  "  micrococcus  colony"  ( Fig.  i,  4  a),  which  at  b  is  still 
further  broken  up ;  at  c  a  group  of  "colonies"  is  seen  corres- 
ponding to  the  mass  of  spores  previously  contained  in  a  cyst 
whose  walls  have  disappeared.  The  minute  protoplasmic 
molecules  constituting  these  colonies  were  seen  to  aclhere  to 

various  objects  in  the  fluid,  and  espe- 
Action  of  micrococcus  on  particlcs  of  epithelium, 

epithelium.  „'',„  n  ji'i- 

m  fact  feeding  upon  them ;  this  being 
invariably  the  way  in  which  vegetable  parasites  first  attack 
animal  tissues.    In  the  midst  of  these  molecules  larger  ones 

were  observed  (Fig.  i,  5),  which  have 
Development  of  microooc-  figured  in  a  still  morc  advanced 

stage  as  torula-like  formations  at  6. 
»  This  condition  being,  according  to  Professor  Halher,  the  tran- 
sition stage  to  the  development  of  the  higher  forms  of  fungi. 
A  series  of  cultivations  was  carried  out  in  order  to  prove 
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FIGS.  II     IV.  CHOLERA  BODIES  OF  1849 
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tliat  these  bodies  were  organically  related  to  each  other, 

namely,  that  the  irregularly  defined 
Cultivations  instituted  to    cysts  wcrc  advaiiccd  stagcs  of  the  cyst 

treirth^forogXr""''^^'    with  sharp  contom-  and  well  marked 

spore  contents;  that  the  cu'cular 
gelatinous-looking  bodies  were  originally  contained  in  cap- 
sules; that  the  capsules  had  been  borne  on  a  filament; 
that  the  filament  had  originated  in  a  "  micrococcus"  cell ;  and 
that  the  "  micrococcus"  had  been  derived  from  the  disintegra- 
tion of  these  gelatiiions  spores.  Portions  of  the  discharges 
in  question  were  isolated,  and  placed  upon  various  substrata, 
beef,  starch-paste,  slices  of  lemon,  &c.,  so  as  to  supply  the 
"micrococcus"  with  other  nourishment  than  the  epithelium, 
of  the  intestinal  canal,  the  disorganization  of  which  sub- 
stance is,  according  to  Professor  Hallier,  the  prime  cause  of 
cholera. 

The  results  of  these  cultivations  may  be  thus  briefly  des- 
cribed.   Dming  the  first  two  or  three 

Result  of  tke  cultivations.        i         yi         •  -n     •  t 

days  the  micrococcus  rapidly  increased 
in  amount,  and  developed  into  nucleated  cells,  wliich  ar- 
ranged themselves  into  chains,  as  already  observed  to  exist 
to  a  slighter  extent  in  the  original  evacuation.  In  some  cases  a 
thin  pellicle  formed  (inyco derma),  which,  on  being  lifted,  fre- 
quently broke  down  into  round  balls 

^Germination  of  micrococ-     Hke    thc  '  UlicrOCOCCUS     ColonicS  ;'  thc 

torula  cells  about  the  fourth  day  were 
seen  to  germinate,  the  ends  of  the  filaments  having  a  linked 
appearance  (6),  which  continuing  to  grow,  presented  the 
appearance  usually  seen  in  oidium  lactis.     In  the  com'se 

of  a  week  the  filaments  assumed  a 
Development  of  filaments    branched  and  sacculatcd  appearance 

with,  formation  of  macroco-      /t-t        •  rv\    j.i  -,    ^  ^      ,  . 

nidia;  i^ig-  1)  'j  yjj  thcsc  sacculcs  Or  jomts 

(termed  "  macroconidia")  being  capa- 
ble of  germinating  like  the  spores.  The  spores  were  on 
several  occasions  seen  to  produce  a  peculiar  form  of  fructifica- 
tion, considered  by  Dr.  Hallier  to  be  degenerated  Tilletia  caries 
(smut),  (Pig.  i,  9),  and  on  one  occasion  a  spore  somewhat  like 
««r«„  „f    V-  ^,   •    ,  .  .  was  detected  (sn.)  ;  a  few 

some   of    which  simulated     „i      j.-  j.)  ,        i    ii      «  ^  . 

the  fungus  attacking  wheat.,    aljoi'tivc  attempts  at  the  formation  of 
.  spore-containing-cysts  were  also  seen. 

In  a  few  instances,  however  (about  the  9th  day),  the  filaments 
were  observed  to  bear  unmistakable  cysts, '  some  Avitli  the 
contained  spores  very  evident  (Fig.  i,  8),  and  others  in  which 
this  condition  was  less  clear. 


4  SECTION  I. — "CYSTS." 

Tlie  nearest  approacli  to  the  devclopineiit  of  llie 
„,f.  .    f     .  ^        ^y^^'^'  con-espoiiding  to  those  in  the 

The  exteut  of  ojrat  deve-  i  •  t     "  , 

lopment.  (liscliarges,  which  remmded  the  Pro- 

.  so  strong-ly   of  Urocystis,  is 

hg-m-ed  (lug-,  i,  10),  and  the  germination  of  the  same  at 
Fig.  i,  11. 

The  inferences  draAvn  by  Dr.  Hallier  from  these  experi- 
ments in  a  few  words  arc,  that  cholera  is  produced  by  a 

species  of  fungus  belonging  to  the  us- 

cultivations.  IS  a  polycystis,  similar  to  that  attack- 

ing the  rye  only  in  Europe,  but 
which  the  Professor  believes  attacks  the  rice  plant  in  India  ; 
groimding  this  belief  on  the  fact  that,  in  the  tissue  of 
growing-rice  plants   watered    with    choleraic  discharges, 

bodies  were  detected  which  he  con- 
in?^::5iSS  pTanTr''*'    ^idcred  identical  with  the  cysts  found 

in  the  evacuations,  thus  accounting 
for  the  belief  frequently  expressed  by  the  older  wi-iters,  that 
cholera  was  generated  by  the  consumption  of  rice  in  a  diseased 
condition.  The  author  has  since  moditied  his  views  as  to  the 
species  of  fungus  in  question,  but  retains  the  opinion  that, 
whatever  the  fungus  may  be  called,  it  closely  corresponds  -vvitli 
the  fungus  observed  to  develop  in  soil  contaminated  mth 
choleraic  discharges.  It  will  now  be  seen  that  Professor  Hallier 
believes  that  he  has  established  an  organic  connection  between 
the  two  kinds  of  "cysts,"  "spores"  and  "micrococcus." 

The  questions  naturally  arise —  (1)  Are  there  such  bodies 
in  the  choleraic  discharge  examined  in  India  ?  (2)  What  are 
they  ?  and  (3),  are  they  found  under  similar  circumstances 
elsewhere  ?   

SECTION  I.— "CYSTS." 

Dr.  Hallier  appears  to  have  derived  the  first  idea  of 
cholera  cysts  from  the  engravings  of  the  "  cholera  bodies" 
of  Drs.  Swayne,  Brittan,  and  Budd,  in  the  year  1849,  as 
reproduced  in  M.  Eobin's  work  on  Vegetable  Parasites* 

Eor,  after  stating  that  they  are  un- 
The  "  Cholera  Cysts"  flgur-    doubtcdly  of  thc  samc  uatm'c,  judg- 
^L^"^  inff   from    the   drawings,  of  those 

"Vegetable  Parasites"  iden-      •'■^b  .  .  ^  '  „  . 

tifled  by  Hallier.  sccu  by  lum,  a  scvcrc   rcproot  is 

administered  to  the  French  author 


*  Histoiro  Naturelle  des  V6g6tnux  Pnruuitca.    Alius,  PI.  XII.,  Figs.  4-6. 
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for  tlie  summaiy  Avay  in  wliicli  lie  disposed  of  the  "  cysts 
of  the  Bristol  Doctors.    As  these  "  cysts"  have  been  the 
sLibject  of  discussion  for  more  than  twenty  years,  without 
any  definite   conclusion  as  to  their   real   nature  having 

been  attained,  a  few  observations 
History  of  these  bodies.  conceriiiug  them  may  not  be  un- 
interesting. In  September  1849,  Dr.  Brittan  pubHshed  a 
description  of  the  bodies  observed  by  him,  termed  "  annular 
bodies,"  in  the  London  Medical  Gazette;  this  term  com- 
prising bodies  varying  considerably  in  size  and  appear- 
ance— large  masses  corresponding  to  Hallier's  cyst,  and 
smaller  bodies  whicli  probably  correspond  to  Hallier's  spores. 
Mr.  Brittan  did  not  attempt  any  cultivation  so  as  to  con- 
nect the  one  class  with  the  other,  but  inferred  that  they 
were  the  same  in  different  stages  of  development,  because  he 
had  observed  something  like  a  connection  between  the  size 
with  the  severity  and  diu'ation  of  the  disease.  The  late 
Professor  Quekett,  of  the  Boyal  College  of  Sm-geons,  coincid- 
ed with  him  in  the  belief  that  they  were  different  stages  of 
the  same  body,  and  of  a  fungoid  natm'e.  Mr.  Swayne 
also  annoimced  that  he  had  discovered  certain  cyst-like 
bodies  which  were  named  "  cholera-cells, "  drawings  and 
descriptions  of  which  he  pubhshed  in  the  Lancet  about 
the  same  time  as  Mr.  Brittan.  He  also  believed  that 
the  larger  and  smaller  bodies  figured  were  mere  stages 
in  the  development  of  the  same  thing.  Dr.  Budd  be- 
lieved that  he  found  similar  bodies  in  the  water  of  taint- 
ed districts,  and  designated  them  "  cholera  fungi."  These 
announcements  caused  considerable  excitement  at  the  time, 

which  was  somewhat  lessened  when 

the  nat^e  of  these  bodies  r  ^^^'^^  anuounccd  that  the  bodics 

in  the  sample  received  by  him  were 
a  species  of  m'edo  {Uredo  segetum),  the  bunt  of  wheat, 
illustrating  his  statement  by  the  removal  of  bodies  like 
the  one  in  question  from  a  loaf  of  ordinary  brown  bread. 
The  College  of  Physicians  appointed  a  Committee  of  Inquiry, 
and  Drs.  Baly  and  Gull  drew  up  a  report,  in  which  the  small 
of  Drs-BaiyandGuii.  bodics  are  Said  to  be  either  carbonate 

-  of  lime  (probably  from  the  aromatic 

confection  mixture  taken),  disintegrated  blood-cells,  or  starch 
particles;  the  larger  ones  figured  by  Dr.  Budd  to  be  proba- 
bly accimiulations  of  starch  cells  with  disintegrated  parti- 
cles of  vegetable  tissue,  and  those  of  Drs.  Brittan  and  SAvayne 
to  be  .some  species  of  bunt,  as  identified  by  Mr.  Busk.  The 
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lleverencl  M.  J.  Berkeley,  the  greatest  authority  on  funo  j  wo 

Of  the   Beverend   M.   J.     }f  ^Vl''''  "  ''^^"'^^'''^  ^^^^^"^'^^^ 

Berkeley.  ^^i^t  tlio  Specimens  he  received  were 

not  fungi  at  all,  so  that  evidently 
the  propounders  experienced  some  difficulty  in  reco^mizinr' 
their  own  "  bodies,"  otherwise  such  microscopical  experts  as 
Mr.  Berkeley  and  Mr.  Busk  would  not  have  been  supplied 
with  such  entirely  dilfcrent  substances. 

Here  the  matter  rested  until  Professor  Hallier  observed 
Beason  for  re  ^  rescmblance  between  the  cysts  in 

M.  Eown's  flgure^s^^'^°'^^°^'^^         cholei'aic  discharges  examined  by 

him,  and  those  figures  in  M.  Eobin's 
book,  whicb  figures  are  here  reproduced  (Pig.  ii),  as  being 
the  only  criterion  w^e  possess  of  what  Hallier  really  means 
wben  be  speaks  of  cysts;  the  only  dramng  published  by 
bim  of  the  matm-e  cyst  being  that  of  a  ruptured  one  (i,  1). 
In  the  examination  of  cholera  dejecta  which  I  have 

made  in  Calcutta  and  in  the  North- 
cyst-iike  bodies  in  the    Wcstem   Provinccs,   many  "cysts" 

choleraic    dejecta  observed  •■  -,  i  n''''' 

in  India.  Were  observed,  and  these  m  many 

cases  closely  resembled  the  ones 
figured  in  M.  Robin's  work,  but  were  not  of  sucb  universal 
occurrence  as  the  attention  they  have  obtained  ^ould 
have  led  one  to  expect;  indeed,  frequently  absent  alto- 
gether. 

The  "cysts"  figured  by  Drs.  Brittan  and  Swayne  (the 
greater  part  of  which  are  here  reproduced  from  the 
drawings  accompanying  the  original  articles  of  these  gentle- 
men) are  certainly  the  kinds  most  frequently  present  in 
evacuations,  as  the  fact  that  tlie  follomng  observations  con- 
cerning them  were  completed  before  either  the  original 
figm-es  or  copies  of  them  had  been  seen,  would  tend  to  show. 

They  may  be  divided  iiito  two  classes.    The  principal 

figm^es  in  Dr.  Brittan' s  draAving  a\  ill 
Two  distinctly  different    gervo  as  an  illustration  of  one  kind 

^Sttn^I^d  sC:;n?^^'       i^ig-  iii,  1),  and  the  leading  figures  in 

Dr.  SAvayne's  of  the  other  (Fig.  iv,  1-4). 
As  the  two  classes  are  copied  in  M.  Bobin's  Avork,  and 
l)r.  Halber  does  not  intimate  his  belief  that  they  are  not  of 
the  same  nature,  it  will  perhaps  be  best  to  allude  to  the  tAvo, 
so  as  to  leave  no  stone  unturned  in  the  matter.  That  they 
vary  much  in  their  nature  will  be  manifest  from  the  folloAi  ing 
observations  : — 

1.    The  dejecta  of  a  palient  avIio  had  been  siifirrmg 
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IVom  cholera  about  12  hours,  and  who  died  on  the  second 

day,  presented  an  enormous  quantity 
Irregular   dark-yellow    of 'fflobular  uiasscs  of  a  dark-ycUow 
'^s''::^Z:^^s^''    colour,  except  at  the  centre,  where 

the  colour  was  much  lighter,  and  the 
mass  was  much  more  transparent  than  at  the  side  (Fig.  v,  1), 

which  is  not  unlike  the  ones  figured 
Action  of  liquor  potassee  I         BiHtiin.    Stroug  Kquor  potasssB 

being  added,  one  of  the  "  cysts  "  bui-st,  as  at  2,  and  gradually 
broke  up,  as  at  3,  4.  The  semi-fibro-gelatinous  mass  in  which 
the  "  cysts"  were  involved  was  entirely  dissolved.  Another 
shdc  was  taken,  and  two  cysts  selected,  a  large  one  and  a 
smaller  one  (Fig.  vi,  1,  2) ;  strong  acetic  acid  being  added, 

no  result  followed  for  some  time ; 
of  acetic  acid;  pressm'e  was  applied,  and  the  large 

one  broke  up  into  au'-globules  and  granular  matter  (3,  4). 
Pressm^e  was  again  applied,  and  the  small  one  also  broke  up,  as 
shown  at  5.  Another  case  may  be  quoted  as  illustrative  of 
this  kind  of  cyst.  The  evacuation  was  passed  six  hours  after 
attack,  and  two  hours  before  death ;  it  contained  numerous 
cyst-like  bodies,  some  enth'e,  others  more  or  less  broken  up, 

and  in  many  cases  seemed  to  contain 
°^  ^*  partitions  (Fig.  vii) .     These  bodies 

withstood  the  action  of  rectified  ether  until  the  fibro-albumi- 
nous  matter  smTOunding  them  had  been  removed  by  the 
application  of  potash. 

2.    In  the  same  evacuation  other  globular  cyst-Kke  bodies 

were  found  of  a  yellowish- green  tint, 
Well  defined,  round  or  oval    having  a  more  defined  outline,  and 

greenish-yellow  cysts  un-  ^^^^.^  gVCUly  difPuSCd  COUtcuts  (Fig. 
affected  by  ether  and  liquor        ...  .      «'  \-*--^C5' 

potassee.resemblingSwayne's     Vm,  1,  4).      ThcSC  WCrC  Unaffectcd  by 

cholera-cells.  ether,  and  remained  unaffected  by 

liquor  potassse  for  three  days.  These 
cysts  occurred  in  nearly  all  the  evacuations  examined,  but 
their  precise  nature  was  for  a  considerable  time  unexplained. 
They  were  sometimes  round,  but  generally  oval,  and  in  some 
cases  formed  about  a  fourth  of  the  entire  sediment.  This  was 
particularly  observed  in  some  dejecta  with  which  I  was 
favom-ed  from  the  Medical  College  Hospital,  obtained  from  a 
native  who  was  admitted  with  all  the  symptoms  of  cholera, 
but  eventually  recovered.  They  were,  as  in  other  cases,  of  a 
greenish-yellow  tinge,  with  colom*less  hyaline  capsules,  for 
the  most  part  oval  (x) — sometimes  round,  and  varying  con- 
siderably in  size,  as  seen  in  tlie  figure.    One  of  these  cysts  was 
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selected  for  special  f)1)S(n'vation,  tlie  one  i'f;presoiitod  at  Eig.  ix, 
1 ;  otluM-  l)oiiig-  added,  the  coiiloiits  cleared  ii])  a  little,  but 
Tiotliiug-  I'Lirther ;  this  was  ibllowed  by  strong  li(juor  potassa^, 
AvMcli  caused  it  to  become  dotted  and  streaky,  the  yellow 

tinge,  hoAvever,  remaining'  (  2  )  ;  gi-a- 
Action  of  re-agents  re-    ^^^^^^    changing  to  thc  app(^arance 

depicted  at  3,  the  centre  becommg 
more  transparent  than  the  circumference,  wliich  still  lurtlic)' 
extended,  as  at  4.  The  transparency  of  tlie  central  portion 
diminished  in  the  course  of  a  few  minutes  (5),  in  which  con- 
dition the  object  was  left  under  the  microscope  until  the  next 
morning,  when  it  was  found  to  have  retained  its  form,  but  liad 
acquu-ed  a  dark  colour.  Another  cyst  was  selected  witli  a 
dark-yellow  granular  centre,  and  hyaline  capsule  (Kg.  x,  1). 

Ether  was  added;  scarcely  any  chauge; 
but  no  material  change  ob-  jj^ercly  clearing  up  the  centre  a  little. 
^^^^  '  It  was  then  rolled   over,   and  the 

granular  contents  spread  throughout  the  entire   cell  (2). 
Firm  pressure  was  applied,  the  eye  being  kept  steadily  at  the 
microscope,  when  suddenly  numerous  minute  molecules  es- 
caped (3  ),  and    the  capsule  became 
Besuit  of  pressure.         ^^^^-^^  emptied  of  its  contcuts  (4). 

Liquor  potassEe  was  added  to  a  portion  of  the  evacuation 
and  allowed  to  stand  all  night.  The  cysts  on  examination 
next  morning  appeared  unaffected. 

To  another  test  tube  sidphmic  acid  was  added.  The 
cysts  after  remaining  several  hours  in  the  acid  were  not 
much  altered,  but  presented  a  globular  outline  with  a 
hyaline  capsLile  smTounding  a  greenish-yellow  molecular  mass 

(Eig.  xi,  1,  2).    On  rolling  them  over 

Action  of  sulphuric  acid,  bccamc  oval,  but  soou  regained 

iodine,  and  alcohol.  the  cii^cidar  form.   On  the  addition  of 

a  strong  solution  of  iodine,  the  contents  became  dark-brown, 
and  on  subsequently  adding  absolute  alcohol,  fat-hke  globules 
made  theii'  appearance,  which,  by  mampulation,  could  be 
made  to  move  mthin  the  cell;  the  capsvde  bemg  unaffected 
CFis  xi  3)  Alcohol  being  added  to  another  cyst  witliout 
the  iodine,  the  contents  assimied  a  lumpy  appearance  with  a 
clear  space  in  the  centre  (Eig.xi,  4).  . 

Several  very  small  embryos  of  round-worms  having  been 
observed  in  the  evacuation  in  active  motion  (Eig.  vm  8j, 

diligent  search  was  made  as  to  tlieu 

Embryos  of  worms  asso-    orio"in,  wliicli  rcsultcd  in  the  explana- 

ciatedwith  the  cysts.  ^.^^        ^j^^  Cysts  alsO. 
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The  latter  were  frequently  observed  to  give  evidence  of  some 
land  of  systematic  arrangement  of  their  contents,  as  shown  in 
the  figm-e  (viii,  5,  6),  and  eventually  a  cyst  was  observed  to 

contain  something  which  rolled  with- 
contents  of  the  cysts.  .  ^j^-^^  ^^^^^  prolonged  watcliiug, 

was  seen  to  present  the  exact  form  and  size  of  the  worm-like 
body  just  alluded  to.  It  was  coiled  up  on  itself  within  the 
capsule  (Pig.  viii,  7),  and  continually  altered  its  position.  This 
corresponds  pretty  accm'ately  with  the  drawing  of  the  ovum 
of  dscaris  mystax  in  Dr.  Cobbold's  work  on  Entozoa.  It 
is,  I  think,  pretty  much  the  same  as  the  cholera-cell  of 
Mr.  Swayne.  In  many  cases  the  contents  of  these  ova  are 
also  shrunken,  occupying  a  part  only  of  the  enclosing  mem- 
brane, as  insisted  on  by  this  gentleman  as  a  means  of 
diagnosis.  The  effects  of  re-agents  also,  as  above  given,  cor- 
respond very  closely  with  the  description  given  by  him. 

3.  There  is  another  cyst  not  very  uncommon  in  chole- 
raic dejecta,  having  a  more  delicate,  but  very  resistent  capsule 
(Pig.  xii).    Its  natm^e  may  be  inferred  from  the  following 

statement :  On  two  or  three  occasions, 
Acari,  and  their  ova  in    genu-disintegrated    acari    were  ob- 

cholera  stools,  i  •     x i        i     i  •      i        i  .  , 

served  m  the  stools  exammed,  which 
had,  in  all  probability,  been  swallowed  with  the  food,  in  bread 
perhaps,  and  passed  through  the  intestinal  canal  without 
being  very  much  broken  up,  as  may  be  seen  from  the  figm'e 
(xiii).  It  did  not,  however,  occur  to  me  to  connect  the  ex- 
istence of  the  thin  capsuled  cysts  with  these  acari,  until  one 
day  two  were  seen  rapidly  depositing  their  eggs  among  some 
fungi  under  cultivation,  which  were  being  microscopically 
examined.  These  eggs  corresponded  precisely  with  the  just 
described  cysts. 

4.  Mr.  Brittan  figures  some  oblong  bodies  (Pig.  iii,  2), 
which  are  not  reproduced  in  M.  Eobin's  plates,  but  were 
probably  also  considered  to  have  some  connection  with 
cholera  by  the  author  of  the  article  in  the  Medical  Gazette. 
These  are  exceedingly  common,  and  are  accm'ately  drawn  in 
Pig.  xiv,  where  one  is  seen  entire,  and  another  ruptm-ed,  to- 
gether with  one  of  Mr.  Swayne's  bodies 

a  ruptured  condition ;  both  requii-ed 
the  application  of  considerable  pres- 
sure before  the  capsule  gave  way.  The  first  described  elonga- 
ted body  is,  I  believe,  the  ovum  of  another  round-worm,  the 
Tricocephahis  {dispar  ?).  As  to  the  cysts  with  distinct  spore 
contents,  which  Hallier  has  figured  (Pig.  i)  as  being  a  mature 
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condition  of  the  cysts  comparable  to  the  drawings  in  Rohin's 
work,  I  have  not  met  with  any  which  were  unniistalcal3ly  the 
same  in  fresh  dejecta,  but  have  developed  them  repeatedly ;  tlie 
particulars  will  be  given  further  on.  Other  cyst-like  bodies 
are  occasionally  found,  but  as  they  do  not  in  any  way  cor- 
respond to  those  of  the  author  of  the  theory  under  considera- 
tion, a  description  of  them  is  reserved  for  another  occasion ; 

the  principal  ones,  however,  are  those 
Summary  of  the  principaa    ah'cady  dcscribcd,  namely,  (1)  com- 

cyst-liko  bodies  observed  m  . '  J^\J" 

cholera.  pounct  cysts,  oonsistmg  01  fragments  of 

various  tissues  and  fat  smTounded  by  a 
semi-organized  fibro-albuminous  layer,  and  (2)  ova  of  various 
kinds,  none  of  which  are  peculiar  to  cholera. 

As,  however,  the  ultimate  elements  of  other  cysts  than 
these  might  exist  in  the  dejecta,  every  known  method  was 
resorted  to  for  the  pm^pose  of  developing  them,  a  few  illus- 
trations of  which  I  give  in  a  condensed  form. 

Illustration  I: — 

Small  portions  of  the  dejecta  which  contained  such 
numbers  of  the  cysts,  alluded  to  in  page  7  and  represented  at 
Pig.  V,  were  placed  in  three  perfectly  clean  watch-glasses 
with  the  following  substances  : — 

I.  — Cholera  evacuation  3  drachms,  and  2  drops  of  acetic 
acid,  so  as  to  neutralize  it. 

II.  — Cholera  evacuation  3  drachms,  phosphate  of  am- 
monia 3  grains,  grape-sugar  3  grains. 

III.  — Distilled  water  3  drachms,  phosphate  of  ammonia 
3  grains,  grape-sugar  3  grains. 

To  receive  these,  a  small  wire  stand  had  been  placed 
in  a  shallow  dish  containing  a  strong  solution  of  permanganate 
of  potash,  and  the  stand  and  watch-glasses  covered  ia  by 
bell-glass  (carefully  cleaned,  and  subsequently  rinsed  mth 
alcohol)  which  stood  in  the  fluid.  This  was  set  aside  in  an 
average  temperature  of  82°  FaJir. 

On  the  third  day  small  white  specks  were  seen  on  the 
sm'face  of  No.  I,  which  had  returned  to  its  alkaline  condition, 

one  of  which  was  picked  out  as  rapid- 
progress  of  the  cultivation,  possible  fi'om  beneath  the  bell^ 

o-lass  and  placed  on  the  stage  of  the  microscope.  It  consisted 
of  an  aggregation  of  minute  molecules  held  together  by  a 
slimy  substance,  from  which  filaments  of  fungi  escaped 
(Eig.  xv).  Thus  matters  stood  until  the  fifth  day,  when 
from  No.  II  being  picked  out,  presented  numerous  spores 


L,EWIS'  OHC'LKItA  RKPOKT 


FIGiXIX.  FUNGI,  DEVELOPED  IN  CHOLERA  STOOL 


OBSERVED  IN  CHOLERAIC  DISCHARGES  :  CULTIVATION.  11 

rFicv  xvii,  1),  many  of  them  germinating  very  actively  (2), 
aucf  the  filaments  here  and  there  were  swollen  out  mto  macroco- 
nidia  (3,  m),  some  of  these  dilatations  being  transparent,  others 
o-ranular ;  frequently  the  filaments  were  seen  to  termmate  m  a 
°  bulb  (4) ,  and  in  one  case  a  filament  was 

One  cyst  developed.  tipped  by  a  cyst  in  which  the  contents 

were  granidar  and  had  contracted  from  the  capsules  (5).  Pre- 
cisely similar  filaments  and  dilatations  were  found  in  No.  I, 
but  a  distinct  cyst  (or  sporangium)  could  not  be  seen.  This 

condition  lasted  until  the  seventh  day. 

After  tHe  seventh  day  asper-  ^J^gj^  the  mVCelium  gradually  dcgC- 
giUusappeaxedinall.  ^^^^^^^^^^    ^^^^^    ^^^^  aspcrgillus 

appeared  on  all  three,  of  various  colours,  but  principally  of 
the  dark  varieties. 

Illustration  II: — 

A  portion  of  the  fluid  contents  of  the  small  intestine 
from  a  patient  who  had  died  within  six  hours  of  attack  was 

carefully  transferred  to  a  vial,  and 
Growing  solution.  aUowcd  to  scttlc  for  an  hour.    In  the 

meantime  a  "  growing"  solution  was  made,  consisting  of  grape- 
sugar  3  grains,  phosphate  of  ammonia  10  grains,  glycerine  1 
drachm,  and  distilled  water  1  ounce.  A  drop  of  this  was 
placed  on  three  glass  slides  ;  to  these  were  added  : — 

No.  I. — A  minute  quantity  of  the  upper  layer  of  intes- 
tinal contents. 
No.  II. — A  minute  quantity  of  the  sediment  cliiefly. 
No.  III. — A  minute  quantity  of  diabetic  mine  contain- 
ing "  yeast  cells." 

These  were  placed  as  before  under  a  bell-glass  placed  in 
Condy's  fluid ;  on  the  third  day  specks  appeared  on  the  prepara- 
tion in  each  slide,   which  proved 
pr?praurnTftheSTa;':    to  he  duc  to  sporcs  and  mycelium 

(Fig,  xvi),  the  three  slides  presenting 
similar  appearances  under  tlie  microscope.  On  the  fourth  day 
No.  I  presented  an  excellent  forest  of  penicfllium,  and  No.  II 

a  similar  crop  of  aspergiUus,  of  the 
po°SriusTppe^d.  ^lack  and  pm-ple  coloured  variety, 

while  No.  Ill  produced  both  penicil- 
lium  and  aspergiUus.  These  were  systematically  examined 
for  eight  days,  no  other  fungus  making  its  appearance.  The 
aspergiUus  crop  in  No.  II  presented  tufts  of  different  colours ; 
specks  were  observed  in  the  other  tAvo  preparations ;  a  speck 
of  yellow  and  brownish-purple  being  the  most  abundant. 
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To  expeniiUMits  condiicled  in  this  mauiicir,  there  is  the 
serious  objection  that  each  time  the  prcj)aratioii  is  examined, 
no  matter  how  carefully,  the  possibility  exists  of  foreio-n 
matter  getting  into  the  pre]iaration.    With  the  intention'of 
T  w  .     .       obviating  this  source  of  fallacv  as 

Isolating    apparatus   des-  „  V,      mi  ^j.    ia;j.ia.v.j  an 

oribed.  mucli  as  possiblc,  an  aspn-ator  was  em- 

ployed to  sujjply  the  preparation  with 
purified  aii%  at  least  as  pure  as  passing  it  through  concentrat- 
ed sulphuric  acid  will  allow.  By  referring  to  the  accompany- 
ing sketch,  it  mil  be  readily  seen  how  this  was  effected 
(Eig.  xviii).  A  small  funnel  (1)  with  a  pledget  of  clean  cotton 
wool  inserted  into  its  neck  was  attached  to  a  piece  of  bent 
glass-tubing  ;  tliis  tubing  passed  through  a  perforation  in  the 
cork  of  a  flask  (2)  containing  concentrated  sulphm-ic  acid ; 
from  the  neck  of  this  flask  another  piece  of  glass-tubing 
emerged  which  connected  it  with  a  perforated  bell-glass,  stand- 
ing in  a  shallow  dish  containing  Condy's  fluid ;  (3)  another 
piece  of  tubing  connected  this  with  the  aspirator  (4)  filled  with 
water.  All  the  connections  were  carefully  luted,  so  that  the 
only  air  which  could  have  got  at  the  preparation  on  the  stand 
within  the  bell-glass  (of  course  ?nmtis  the  air  which  previously 
existed  therein)  must  have  passed  through  the  sulphm-ic  acid. 

Illustration  III: — 

A  perfectly  fresh  choleraic  evacuation  having  been 
obtained  two  hours  before  death  (in  a  rapidly  fatal  case  lasting 
only  seven  hours),  three  watch-glasses  were  placed  in  the 
isolating  apparatus  with  the  following  ingredients  : — 

No.  I. — A  slice  of  the  interior  of  a  plantain  weighing 

quarter  of  an  ounce  was  scooped  out, 
Substances  placed  in  the  g-^  ^      q£      sediment  fi'om  the 

isolating  apparatus  J- 

evacuation  was  placed  m  the  uttle 

cavity  thus  made. 

No.  II. — A  feAV  drops  of  the  evacuation-sediment  only. 

No.  III. — A  slice  of  the  same  plantain  as  in  No.  I. 

The  apparatus  had  been  made  as  clean  as  possible  pre- 
vious to  this,  rinsed  out  with  spu-it  hnmediately  before  deposit- 
ing these  glasses  on  the  stand  beneath  the  bell-glass,  and  the 
gi-eatest  care  taken  to  avoid  foreign  matter  getting  at  the  pre- 
parations before  placing  them  there.  The  an-  Avithm  was 
renewed  morning  and  evening ;  the  weather  was  warm  the 
whole  time,  the  average  day  fcemperatm-e  of  the  room  bemg 
about  90°  Fahr. 


FIG.XX.  MYCELIUM  WITH  MACROCONIDIA  BUT  WITHOUT  SPORANGIA 
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On  the  fourth  day  a  nioidd  was  seen  to  appear  on  the 

two  slices  of  fruit,  quite  as  marked 
SpTrlts^orreTwee^.s!'^'    ou  the  cleau  plantain  as  on  the  other, 

but  no  change  was  visible  in  the 
AA  atcli-glass  containing  the  evacuation  only.  Tliis  condition 
lasted  a  fortnight,  the  crop  of  fimgus  gradually  increas- 
ing in  the  two  former,  and  no  change  could  be  observed  in 
the  latter.  Dm'ing  the  third  week  the  fungus  not  having 
made  any  progress,  and  the  liquid  in  the  watch-glass  No.  II 
becoming  rather  less,  from  evaporation,  the  apparatus  was 
opened  on  the  twenty-fom-th  day,  and  the  resiilt  carefully 
examined  forthwith. 

The  two  pieces  of  fruit  were  covered  with  a  thick  coating 

of  a  black  and  yellow  coloured  fungus. 

Condition  of  the  frtiit  on  xt,         i  •         •        n  , 

removal.  t)oth  colom^s  appearing  m  the  two 

preparations;  the  yellow  prevailing  in 
the  tainted  slice,  and  the  black  on  the  other ;  the  difference 
being  merely  in  the  proportion,  for  tufts  of  each  colom^  appear- 
ed here  and  there  over  the  sui'face.  These  were  found  under 
the  microscope  to  be  aspergillus  (Kg.  xix,  1)  and  penicillium 
(xix,  2).  Precisely  the  same  fungus  and  the  same  species 
grew  on  glycerine,  on  starch-paste,  and  on  pieces  of  dii-ty 
cork  in  various  parts  of  the  room.  In  the  other  watch- 
glass,  however,  containing  the  evacuation  only,  a  very  differ- 
ent appearance  was  observed.  The  i^reparation  had  become 
partly  dry,  and  presented  a  filmy  appearance.  On  placing 
the  watch-glass  on  the  stage  of  the  microscope,  a  great 

quantity  of  spherical  bodies  were  seen 
trw^tS^XstTtfe'/aouS  ^^?th  grauukr  contents,  the  average 
tion  only.  sizc  bcmg  about  that  of  a  white  blood- 

- .  corpuscle,  but  the  size  varied  consider- 

ably, aniong  which  long  deHcate  mycelical  filaments  ramified 
(±ig.  XIX,  3);  from  this  network  thin  fertile  threads  arose 
tipped  m  most  mstances  with  exceedingly  delicate  vesicles 
(XIX,  4),  which  appearance  at  first  was  taken  for  the  dew-di-op 
aspect  so  comjnon  to  myceHum ;  others  were  seen  of  a  much 
larger  size  On  watching  them  closely,  all  the  bodies  were 
seen  to  roll  round  and  round,  like  a  volvocc.  Elongated 
(e;pore-like)  bodies  were  distinctly  visible  tVithin  each  delicate 

Description  of  the  delicate     ^^P^^^l^,   UnlcSS  VCiy  Small    (xix,  5), 

cysts.  and  seemed  to  move  iiTespective  of 

cd  light,  aad  yeUowish-grccn  V  tansmitted  light  The 
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inovement  appeared  to  me  to  be  due  to  currents  of  air  in  the 
room,  each  little  sphere  twirling  round  rapidly  in  one 
direction  for  ten  or  twenty  tm-ns,  then  as  rapidly  twirling 
in  the  opposite  way.  The  course  of  the  spinning  vesicle 
was  not  ahvays  horizontal,  but  varied  until  it  was  nearly 
vertical  to  the  filament  on  wliicli  it  was  perched,  but  never 
quite  vertical.  It  seemed  analogous  to  the  spinning  of  a  plate 
or  ball  nicely  pivoted  on  a  juggler's  stick,  which  may  be  seen 
to  revolve  in  every  dh'ection  but  the  vertical,  the  analogy  being 
complete,  except  that  the  organic  connection  between  the 
sporangium  and  the  stalk  rendered  reverse  turns  necessary. 
On  touching  this  with  water,  the  capsule  appeared  to  become 
instantaneously  dissolved.,  no  trace  being  left :  the  spores 
had  fallen  down,  and  the  filament  looked  perfectly  bare. 
Some  parts  of  the  mycelium  were  dilated  into  saccules 
(or  macroconidia)  (Pig.  xix,  6),  but  no  evidence  of  spore 
contents  was  distinguishable. 


Illustration  IV: — 

Being  desirous  of  ascertaining  whether  from  the  rice- 
water  stools  in  epidemic  cholera  I 
Cultivation  of  a  cholera    cQuld  producc  capsulcs  morc  unmis- 
t:^^^^f^::^l takably  like  those  figm^ed  by  Professor 

Hallier  than  I  had  succeeded  in  doing 
from  discharges  obtained  in  an  endemic  locality,  such  as 
Calcutta  is,  a  sample  was  brought  from  Lucknow,  carefully 
secured  in  a  clean  vial,  which  was  obtained  dm-mg  my  visit  to 
the  North- Western  Provinces  during  the  epidemic  of  cholera 
Avhich  occurred  there  in  September  last.  A  drachm  of  the 
sediment  was  pom-ed  into  a  perfectly  clean  watch-glass,  and 
placed  on  the  stage  in  the  isolating  apparatus  in  the  manner 
described  in  the  last  illustration.  In  the  course  of  a  week  a 
film  was  seen  to  have  formed,  which  continued  to  mcrease  m 
density  for  another  week,  but  no  trace  of  any  mould  could 
be  observed  in  it  through  the  beU-glass.  At  the  end  of 
three  weeks  the  preparation  was  taken  out  and  microsco- 
pically examined,  but  no  cysts  had  formed,  as  m  the  former 
preparation  treated  In  exactly  the  same  way,  but  there  was  a 
^  ^  great  quantity  of  mycehiun,  m  the 

No  cysts  were  developed,  meslics  of  which  nunicrous  circular 
but  a  quantity  of  segmented    ^^^.^^  ^^^^^  embedded  (Fig.  xx) ;  the 

latter  seemed  to  be  the  result  of 
segmentation  of  the  former,  judging  from  the  snnilarity 
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between  the  free  cells  and  the  imperfectly  detached  set?- 
ments  of  mycelium.  The  watch-glass  was  replaced  in  the 
apparatus  for  a  fortnight,  bnt  no  change  took  place. 

Prom  these  illustrations  it  will  be  seen  that  whereas 
cysts,  distinctly  resembling  those  described  by  Professor 
Hallier,  may,  by  cultwation,  be  observed  to  develop  in  chole- 
raic discharges,  yet  they  are  by  no  means  constantly  obtain- 
able, for  out  of  more  than  a  hundred  cultivations,  made  with 
the  express  object  of  developing  these  cysts,  only  three  times 
was  I  able  to  produce  any  fungi  bearing  such  tokens  of 
fructification. 

Is  it  possible  to  develoj)  fungi  in  other  than  cholera 
dejections  bearing  fruit  resembling  the  "  cholera  cyst  ?"  The 
answer  must  be  "Yes,"  as  the  following  experiment  mil 
show  : — 

Illustration  V : — 

About  half  an  ounce  of  faeces,  obtained  from  a  perfectly 

healthy   person,  was    placed   on  a 

.faurrol  oleTsoS  ^]^^^  pl^^c,  and  carefuUy  trans- 

and  tke  other  exposed.  lerrcd  mto   the    bcll-glass    of  the 

isolating  apparatus  in  connection  with 
the  aspirator,  as  ah^eady  described,  the  greatest  possible 
care  having  been  taken  to  prevent  foreign  matter  coming 
mto  contact  with  it  before  depositing  it  on  the  stage  in 
the  apparatus.  A  small  portion  of  the  same  substance  was 
placed  on  a  glass  slide,  without  any  special  precautionary 
measm-es  being  taken  to  prevent  access  of  foreign  matter,  so 
as  to  be  able  to  examine  it  from  day  to  day  for  comparison 
with  the  preparation  in  the  bell-glass,  which  it  was  not 
mtended  to  disturb.  On  the  second  day  a  few  small  white 
spots  were  observed  on  both  preparations,  one  of  which  was 

Progress  Of  exposedprepar-  Pi^ted  out  with  a  needle  from  the 
ation.  non-isolated  mass,  and  placed  on  the 

.         p     .    ^       ^^^^  microscope.    It  consisted 

entiiely  of  minute  molecules,  round  and  elongated  (Pi^ 
xxi  l),  embedded  m  a  white  shining  substance  (2),  in  con- 
nection with  which  were  cii'cular  and  oval  ceUs  of  a  greenish 
tint  (3) ;  frequently  two  or  more  were  seen  strung  together 
(4) ;  clear  spaces  were  seen  in  them  all  nearly. 

r^lpfoW      !  ^^^^  apparatus  was  com- 

p  etely  coated  by  this  white  himius,  excq^t  that  some  ^f 

^l^Z^ZT^  .  ^^^^  '^^^^^^^'^^  -  yellowish-brown 
colom.    The  exposed  slide  presented  a  somewhat  similar 
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appearanco.    The  cells  had  become  nearly  eveiywliere  atmm^ 

The  "Cholera  ft^ngus"  of  ]^SJ^'^^^,^^^^^Ongm^^^ 

Thome.  (ingf.  xxiii),  coiTospondinf^  CX- 

actly  to  the  figures  given  l)v  Thome 
ot  the  cholera  fungus  discovered  by  him,  to  which  ratlior 
a  long  name  was  given  at  the  time,  viz.,  "  Cylindrotccnium 
Cholera;  Asiatkcer 

This  condition  lasted  till  the  sixtli  day,  when  a  crop  of  a 
white  mould  was  perceptible  in  the  isolated  preparation,  and  a 
plentiful  crop  of  i^enicillimn  and  aspergillus  appeared  on  the 
other  cultivation  (Pig.  xxii).  This  slide  having  become 
rather  dry,  a  few  drops  of  distilled  water  were  after  this 
occasionally  added.  On  the  eighth  day  long  delicate  fila- 
ments were  seen  growing  out  of  the 

ti^STr  ?ei-ia^rS  Y}^^^  linmus-looldng  substance  in 
first  week.  the  apjDaratus,  and  on  the  tenth  day 

other  filaments  were  observed,  which 
seemed  to  be  tipped  with  various  coloured  heads,  appa- 
rently of  the  same  kind  as  on  the  other  sHde,  those  of  a 
bluish  and  yellowish-brown  tint  prevailing;  but  by  the 
eighteenth  day  the  long  delicate  filaments  had  grown  over 
them,  the  whole  surface  of  the  preparation  presenting  a  woolly 
appearance.    After  this  no  further  change  could  be  seen 

to  take  place  in  either  cultivation, 
thftweX-first  da^^'"'''  °"    ^ud  ou  thc  twcuty-fii^st  day  of  the 

experiment  the  bell-glass  was  opened, 
and  the  glass  plate  placed  on  the  stage  of  the  microscope. 
Precisely  the  same  species  of  aspergillus  and  penicillium 
were  found  as  existed  in  the  non-isolated  cultivations,  with 
the  addition  that  great  numbers  of  the  filaments  forming 
the  white  flocculent  tuft  bore  at  their  terminations  cysts 
or  sporangia  filled  with  distinct  spores  (I'ig.  xxiv,  1-4),  which, 

I  think,  correspond  exactly  to  the 
Cysts  obtained  exactly  like    ^ysts    figm^cd  by  Professor  HalHer 

the  "cholera-cysts"  figured  i  i 

byHaiuer.  01  thc  immature  cholera-cysts,  whose 

drawing  has  already  been  given  and 
may  be  compared  with  this.* 

Aspergillus    tufts   were   present  in    great   numbers : 

nearly  all  of  them  had  fallen  off  from 
A  germinating  aspergillus    ^j^g^,  fiiamcuts  amoug  the  myccliiun ; 

tuft  simulating  a  "  cholera  n  t  f  x. 

cyst"  in  the  same  condition,     a  fcw,  liowcvcr,  wcro  pcrlcct,  con- 
sequently  easily   recognised.  Some 

*  I  have  obtained  excellent  examples  of  this  fungus  (Mxicor)  on  the  intestinal 
mucous  membrane  of  the  pig  also,  whilst  subjecting  strips  of  the  intestine  to  contmuous 
(jbservatiou. 


1.  . 

2.  Cyst  dtjlax'iied 

3.  Cysts  attached  to  the  fertile  filamant 

4.  Beais  of  filament  with  reinaiii.3  of 

(Mucor) 


:  Moiatii'ued 
? .  Spores  e3ca{>ed 


CYSTS  &c.  SIMULATING  HALLIERS  CHOLERA  FUNGUS 
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of  tlicso  lallcn  masses  were  germmatmg  (ing.  xxvu,  2), 
and  T)rcscntcd,  as  nearly  as  anything  possibly  could,  the  ap- 
i)oarance  of  the  mass  of  spores  figured  by  Professor  Hallier 
as  a  "cholera-cyst"  in  process  of  germination  (Fig.  i,  11). 

As  the  preparation  was  dry,  a  few  of  the  cysts  were 
transferred  to  another  slide  and  water  added,  upon  which 
many  of  the  capsules  of  the  sporangia  gradually  ruptm-ed, 
and  the  spores  escaped  (Fig.  xxv),  a  bare  columella  and 
the  ruin  of  the  capsule  alone  remaining. 

As  it  was  not  advisable  to  expose  the  preparation  during 
the  experiment,  the  various  stages  in  the  development  _  of 
these  cysts  were  not  followed,  in  order  to  ascertain  which 
some  spores  and  cysts  were  sown  on  the  juice  of  various 
Iruits,  boiled  and  unboiled,  and  on  pieces  of  cheese.  They 
rapidly  germinated,  and  in  those  preparations  which  were 
sown  in  cells  on  the  slide  without  a  covering  glass,  produced 
precisely  similar  cysts  to  those  sown;  when,  however, 
covering  glasses  were  used,  the  fructification  was  not  so 
perfect.  For  example,  a  glass  slide  was  taken,  and  two 
semi-cu'cles  of  asphalt  varnish  w^ere  brushed  on  it,  one 
being  rather  larger  than  the  other,  so  that  the  ends  of  one 
half-ch'cle  might  overlap  the  other,  but  not  so  closely  as 
not  to  permit  the  entrance  and  exit  of  air,  as  may  be  learnt 
from  the  Figure  (xxix).  When  nearly  di*y,  a  minute 
quantity  of  growing  fluid,  consisting  of  a  solution  of  grape- 
sugar  and  phosphate  of  anmionia,  was  placed  in  the  centre, 

upon  w^hich  a  few  spores  were  sown. 

The  cysts  and  spores  sown  ^  ^J^^^  COVCring  glaSS  bciug  plaCCcl 
on  a  shde,  and  tlie  develop-  i  •  i  n    ;  R 

ment  described  step  by  step,     ovcr  it,  which  adhered  to  the  scmi- 

di'ied  varnish.  The  slide  was  placed 
under  a  bell-glass,  kept  damp  by  being  lined  with  some 
moist  blotting-paper,  at  an.  average  temperatm'e  of  90°  FaJir. 

In  the  course  of  six  hom's  a  clear  oil-Hke  spot  appeared 
in  the  spores,  and  on  the  second  day  they  w^ere  germinating 
rapidly  (Fig.  xxviii,  1).  On  the  third  day  the  field  was 
crowded  with  mycelial  filaments  (Fig.  xxviii,  2),  and 
on  the  seventh  day  a  filament  which  had  crept  beyond  the 
do^oplet  of  fluid  into  the  free  space  between  it  and  the 
varnish  bore  a  distinct  sporangium  (Fig.  xxviii,  3).  Separate 
spores,  however,  were  not  distinguishable  in  this  cyst. 

These  illustrations  will,  I  think,  be  su£B.cient  evidence  to 
Deductions.  sliow— (1)  that  the  cholera-cysts  figm-- 

ed  by  Professor  Hallier  are  not  always 
obtainable  from  choleraic  discharges,  (2)  not  confined  to 
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cholera,  (3)  nor  oven  to  diseased  conditions  of  the  intestine,  but 
(J.)  may  bo  cultivated  I'rom  the  stool  of  perfectly  healthy 
persons. 

The  experiments  instituted  to  test  the  observation  as 

InoculabiUty  of  rice  plants.  InOCulability   of    ricC  plants 

have  as  yet  not  been  satisfactory,  con- 
sequently no  conclusions  have  been  arrived  at  on  the  matter. 


SECTION  II.—"  SPOIIES." 

It  is  by  no  means  so  easy  to  explain  Avhat  the  yellowish 
more  or  less  oval  hyaline  bodies  are  which  Professor 
Hallior  calls  "  spores"  {vide  Pig.  i,  3) ;  such  bodies  are  exceed- 
ingly common  in  choleraic  discharges,  and  I  believe  are  very 

different  in  their  nature ;  but  whether 
Corpuscles  simulating  the  any  of  them  are  "  spores"  will,  I 
^y^^nev^^^"^  °^  think,  be  satisfactorily  explained  in 

the  sequel.  The  objects  I  have  met 
with  in  cholera  discharges  more  or  less  resembling  these  bodies 
may  be  arranged  into  four  classes  : — 

(1)  . —  Globules  of  a  fatty  nature  ; 

(2)  . — Altered  blood-cells ; 

(3)  . — Corpuscles  embedded  in  the  tenacious  substance  com- 

2Josing  the  "flakes  ;  "  and, 

(4)  . — Globular  conditions  of  certain  infusoria. 

1.  Persons  accustomed  to  microscopic  work  must  have 
found  that  to  distinguish  fat  or  oil  globules  from  other 
bodies  very  different  in  their  natm^e,  is  not  always  so  easy 
a  matter  as  is  commonly  stated  in  text  books  on  the  subject. 
It  has  frequently  occm'red  during  this  investigation  that,  in 

spite  of  the  addition  of  heat,  absolute 
The  frequent  dilscuity  of   alcohol,  rectified  ether,  potash,  iodine, 
recognizing  globules  of  a       ^  other  rc-agcuts,  uot  ovcrlookiug 

fatty  nature  from  other  glo-  i'^t     ,.  « 

buies.  the  prolonged  application  or  carmme, 

I  have  failed  in  distinguishing  Avitli 
certainty  fat  globides  from  pellets  of  slimy  substances  endow- 
ed with  life,  when  both  were  know  to  be  present.  Indeed,  I 
have  frequently  mixed  fat  with  gum  water  and  other  sub- 
stances for  the  purpose  of  testing  the  value  of  the  re-agonts 
which  had  been  applied  to  bodies  under  examination,  and  have 
found  that,  hi  a  great  number  of  instances,  the  results 
are  fallacious ;  either  the  globules  remain  mialtcred,  or  both 
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kinds  are  destroyed,  or  tliey  are  acted  upon  mdiscrimmatcly. 


unaltered,  resisting  pressui-e,  &c.,  but  broke  down  m  twcnty- 
fom-  hours  into  unmistakable  globules  of  oil. 

Having  experienced  very  great  difficulty  m  this  matter, 
I  propose  giving  one  more  example  of  a  condition  which  is  a 
particularly  prommcnt  feature  in  the  early  stools  of  a  cholera 
patient ;  mdeed,  for  a  long  tune  I  was  unable  to  pei^uadc 
myself  that  it  was  not  a  condition  of  some  low  form  of  Me, 
especiaUy  when  the  globules  were  highly  coloured,  or  when 
the  homogeneous  contents  of  the  pellicle  shifted  its  position. 

A  sailor  was  admitted  into  hospital  with  all  the  symp- 
toms of  cholera,  and,  at  the  time  this  evacuation  was  ob- 
tained, suffered  from  severe  cramps.  The  stool  was  examined 
thi-ee  mmutes  after  being  voided,  was  found  to  be  alkaline 
and  of  a  muddy  colom\  The  sediment  consisted  almost 
entirely  of  greenish-yellow  corpuscles,  varying  consider- 
ably in  size,  the  larger  ones  being  flattened  out  under 
the  covering  glass  (Pig.  xxxi) ;  many  of  these  having 
the  contents  contracted,  the  contour  of  a  delicate,  filmy 

capsule  being  evident  at  the  spot 
varioiis  forms  assumed  by    ^.j^g^g  shrinking  Seemed  to  have  taken 

globules  of  a  fatty  nature.  ,  ~. ..  „i 

place  (Fig.  xxxu).    They  were  gene- 
rally spherical  (1),  but  many  were  oval  (2),  and  a  few  were 
seen  presenting  several  hyaline  projections  whilst  rolling 
in  the  fluid  on  the  slide  (3).    In  some  cases  they  retained 
their  form  and  appearance  for  a  long  time,  but  the  greater 
number  lasted  only  for  a  few  hours.    They  were  frequently 
observed  to  vanish  suddenly  like    a  distended  blood-cell, 
leaving  only  a  ring  beliind  (Fig.  xxxiii,  1),  previous  to 
which,  in  a  few  instances,  a  slightly  granular  appearance  was 
presented  (2j,and  the  ring  was  often  seen  particularly  granu- 
lar (3,  1,  5),  as  if  all  the  contained  granules  had  adhered 
to  it.    The  globule  in  the  centre  of  the  figure,  with  the  con- 
tents separated  from  its  enclosing  pellicle  (6),  was  watched 
for  a  long  time,  but  no  alteration  in  its  appearance  occurred. 
Other  similar  bodies  were  watched  continuously  for  three  hours 
with  the  same  result,  save  that  they  gradually  became  exces- 
sively transparent,  visible  only  by  careful  adjustment  of 
the  mirror.    In  the  course  of  four  or  five  hom's  the  entire 
fii'ld  presented  tlio  appearance  delineated  in  the  figure  last 
alluded  to.    At  Figure  xxxiv   a   regular  colony    is  seen 
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or  these  globules  suiTOimding  a  crystal.    They  also  (Ils-u)- 
pearcd  in  the  course  of  a  lew  liours.  ' 
Rectijied  ether  caused  tlie  pellicle  to  present  a  minute 

Effect  of  ro-agents. 

granular  appearance,  and  tliose  which 
had  the  contents  puckered  liecame 
symmetrical.  Boiling  in  ether  seemed  to  thickcni  tlie  pellicle. 
A  portion  of  this  was  set  aside  until  the  next  day,  and  was 
foimd  to  have  retained  its  condition,  whereas  the  gloljules  in 
the  evacuation  set  aside  in  the  vial  had  disappeared. 

Absolute  alcohol  subsequently  added  to  the  boiled 
portion  seemed  rather  to  diirdnish  tlieii-  number.  In  some 
cases  one  globule  was  observed  to  "  melt "  into  the  other,  so 
as  to  form  one  globule  ;  otherwise  no  change  was  observaljle. 

Solution  of  chloride  of  zinc  and  iodine, — some  became 
sbrvmken  and  ii-regular,  others  continued  spberical,  but  with 
a  finely  granular  pellicle. 

Solution  of  iodine  only  caused  several  of  them  to 
become  very  transparent — scarcely  visible,  were  it  not  for 
tbe  slight  tint  communicated  to  them. 

Liquor  'potasace  causes  them  to  lose  their  yellow  colour ; 
they  become  perfectly  transparent,  except  that  a  few  mole- 
cules which  existed  within  are  brought  to  view.  A  few  of 
the  globules  withstand  the  re-agent  for  some  time. 

Acetic  acid  seemed  to  coagulate  the  pelHcle,  as  it  became 
finely  granular  :  very  much  the  same  appearance  as  foUoAvcd 
the  addition  of  alcohol. 

Dilute  sulphuric  acid  caused  the  contents  to  contract, 
but  the  colour  was  retamed,  or  it  became  slightly  brown. 

Dilute  nitric  and  hydrochloric  acids  acted  in  the  same 

way. 

I  have  made  many  attempts  artificially  to  produce 

globules  of  this   kind,  the  nearest 

Their  artificial  production.      ^  i    i    •  •    i  /•        i  j  i 

approach  being  a  nuxturc  oi  melted 
butter,  albumen,  and  gum  water  well  shaken  together,  and 
at  the  time  of  examination  adding  a  little  thick  syrup  so  as 
to  cause  the  puckering  to  take  place  between  the  ijellicle 
and  the  contained  fat.  The  action  of  re-agents,  however,  on 
this  pellicle  was  slightly  different  to  the  foregoing. 

Spores  immersed  in  fluids  of  varying  density  become 
greatly  altered  in  then*  appearance;  frequently  the  outer 
layer  becomes  so  attenuated,  and  perhaps  stained,  that  it  is 

a  matter  of  great  thfiicnlty  to  state 
Distension  of  spores  by    positively  tliat  thc  ccll  pelHclc  sin-- 

rounding  the  protoplasm  of  a  spore 
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differs  from  the  clearly  defined  outline  of  a  globule  of  oil, 
in' spite  of  a  knowledge  of  the  action  of  re-agents,  and  of  the 
varying  powers  of  refraction  M'hich  liquids  manliest.  Henc(} 
it  is  not  impossible,  nor  inexcusable,  that  Professor  Hallier 
in  some  instances  might  have  been  deceived  by  these  appear- 
ances, especiaUy  as  it  is  evident  from  the  conclusions  he 
di'aws  concerning  the  importance  of  some  of  the  "  cysts" 
in  M.  Robin's  plate  (which  are  undoubtedly  fat),  that  he  had 
not  made  prolonged  microscopic  examinations  of  ordinary 
excreta :  the  Professor,  however,  had  more  spore-like  objects 
to  deal  with  than  fat,  such  as  the  ones  described  in  the  next 
and  folio Avuig  paragraphs. 


2.    Almost  invariably  circular  cells  are  observed  in 

choleraic   dejections  of  a  greenish- 

Alteredblood-corpuseles.        ^^^^^  brOWuish    tint;  COntcutS 

generally  homogeneous,  and  the  capsules  very  delicate. 

The  microscopic  appearance  of  one  of  these  capsules 
is  here  represented  at  different  distances  from  the  object- 
glass,  the  size  selected  being  about  the  average  (Pig. 
xxxv).  The  appearance  of  the  capsule  a  little  before  the 
focus  is  attained  is  sho^ni  at  1,  a  clear  spot  shading  off  into 
a  dark  ring.    On  bringing  the  object-glass  nearer  to  it,  the 

defined  outline  of  a  spherical  body  is 
The    exact    microscopic  g^-      opacitv  in  the  ccntro 

appearance  of  one  of  these.  o         1  J 

(2) ;  and  on  attammg  the  exact  focus, 
a  greenish-yellow  perfectly  hyaline  sphere  is  brought  to 
view  (3) .  On  going  beyond  this,  a  dark  spot  is  seen  in  the 
centre,  gradually  shading  off  towards  the  periphery  (4) ;  when 
the  light  is  shut  off  almost  enth'ely,  a  slightly  irregular  space 
is  seen  presenting  a  very  slight  pink  tint  (5) ;  this  particular 
cell  was  constantly  watched  for  three  hom-s,  when  suddenly 
it  became  transparent,  and  required  most  careful  illumina- 
tion and  focusing  to  make  it  visible,  a  delicate  ring  of  a 
slightly  diminished  diameter  being  all  that  remained  (6). 

These,  however  are  not  always  spherical ;  frequently  a 
very  filmy  tongue-like  projection  is  observed  (Pig.  xxxvi,  1), 
sometimes  more  than  one  (2) ;  it  is  projected"  exceedingly 

slowly,  and  then  retracted  amoeba- 

One  or  more   vesiole-like  A  J?i„        j.'         j.i  •         j  • 

protrusions.  J^i^^c.    Attcr  a  tuiie  this  action  ceases, 

the  projected  vesicle-like  tongue  is 
eiiluu-  permanently  retracted,  or  is  left  out  rolling  about  with 
the  coi'piiscle  in  the  lliiid  (3).    These  are  doubtless  distended 
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blood-cells,  a  great  number  of  which  may  exist  without  yield- 
ing the  slightest  trace  of  colour  to  a  rice-water  evacuation. 

Whilst  IblloANdng  the  changes  talcing  place  in  these 
l^articular  corpuscles  in  various  fluids,  I  had  opportuni- 
ties of  making  an  examination  of  the  urine  of  a  patient 
in  the  General  Hospital  under  the  care  of  Dr.  Lyons,  avIio 

had  been  suifering  from  the  condition 

Precisely  similar  appear-  kuoWU  aS  "  CllvloUS  uHue"  for  about 
anoes  observed  in  a  case  of  j.i      x       !li  •  ,i  •  . 

•'  ty,!/iou.  urine."  »  moutli,  togcthcr  with  pam  m  the 

right  testicle,  and  great  emaciation,  in 
spite  of  good  food  and  a  good  appetite.  As  the  colour  so 
closely  resembled  many  rice-water  stools,  I  carefully 
examined  it,  and  was  repaid  in  a  way  I  had  not  anticipated. 
It  was  albuminous  to  the  extent  of  about  one-fourth  of  its 
bulk,  slightly  acid,  with  a  specific  gravity  of  1-015.;  ether 
caused  a  separation  into  two  layers,  a  clear  m-ine-like 
fluid  containing  oil  molecules,  and  a  white  homogeneous 
mass  consisting  of  minutely  molecular  debris.  Before  the 
addition  of  re-agents  the  fluid  under  the  microscope  so  closely 
resembled  the  condition  of  a  cholera  stool  just  described, 
as  not  to  be  distinguishable  from  it ;  yellomsh-green  cells, 
some  hyaline,  some  granular,  some  protruding  a  tongue-like 
prominence,  and  others  with  the  contained  plasma  puckered 
in  various  ways  (I^ig.  xxxvii).  A  few  of  the  larger  cor- 
puscles were  seen  to  shift  themselves  (like  an  amoeba)  a  dis- 
tance fully  then  own  diameter,  the  shape  altering  at  the  same 
time.  At  first  I  doubted  that  they  really  were  blood-cells, 
as  the  extent  of  variation  in  size  was  considerable,  as  sho^ttni 
by  reference  to  the  figure,  which  is  carefully  drawn 
to  scale.    The  fluid  very  quickly  gelatinised  in  the  test  tube ; 

indeed  it  frequently  does  so  in  the 

Gelatimsation  of  the  urine.  j.)    i  i    i  t  •   •  •  x„   

patient  s  bladder,  giving  rise  to  stop- 
pages during  micturition.  I  have  not  seen  cholera  discharges 
spontaneously  gelatinise,  although  such  a  condition  is  said 
to  occur.  A  portion  of  the  coagulated  mass  (which  when 
stirred  closely  resembled  a  lump  of  moist  gluten)  was  teased 
on  a  slide  with  needles  and  exammed.  It  consisted  of  fibrillnc 
studded  with  blood;  granular  ceUs,  scarcely  difl'ering  from 

those  seen  in  cholera  discharge  flakes, 

Appearance  of  coagulum.       ^^^.^^^^  perhapS,   iu  bciug  morC  Uui- 

vcrsally  granular.  They  seemed  to  present  more  of  the 
character  of  pus-colls. 

In  the  midst  of  this  fibro-albiiininous  matter  several  cni- 
hrijos  of  a  Itumd-ioonu  were  discovered  every  tunc  the  urine 
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was  examined,  one  of  wliieli  is  seen  coilqfl  up  in  the  drawing 
(ily  xxxviii).    A  careful  sketch  of  a  larger  one,  after  the 
°"  addition  of  acetic  acid,  is  given  at 

Tho  embryos  of  ft  round-  pjgure  xxxix.  In  the  courso  of  a  few 
worm  detected.  minutes,  whcn  the  sketch  was  nearly 

completed,  a  camUl-hursa  became  visible  under  the  influence 
of  the  acid,  and  is  delineated  at  No.  2. 

When  first  seen,  I  thought  they  were  some  detached 
filaments  of  a  fungus,  judging  from  the  hyaline,  structm-e- 
Icss  appearance  presented;  after  a  time,  however,  a  few 

of  them  were  observed  to  move  very 

Approximation  of  diameter.     gj^^^^jy^    ^J^gj^    ^11    doubt   aS   tO  their 

natm-e  was  at  an  end.  It  will  not  be  sm^prising  that  the 
existence  of  these  was  not  suspected,  when  we  consider 
that  fidly  two  hundred  of  the  larger  size  figured  could 
pass  abreast  through  a  very  small  pin-hole,  an  orifice  not 
exceeding  the  fiftieth  of  an  inch  in  diameter,  as  may  be 
verified  by  a  simple  calculation. 

Perhaps  this  fact  may  help  to  throw  some  Hght  on  a  very 
obscm'e  disease,  of  which  little  is  known  beyond  the 
sjmiptoms,  although  frequently  met  with  in  some  parts 
of  the  world ;  and,  indeed,  may  perhaps  account  for  its 
localisation  to  such  places  as  the  West  Coast  of  Africa,  where 
I  am  told  it  is  by  no  means  a  rare  malady. 

As  the  matm^e  worm  still  retains  a  hold  on  its  victim, 
being  perhaps  safely  lodged  in  the  Iddney,  and  not  having 
seen  an  embryo  of  this  kind  before,  nor  yet  a  drawing, 
I  must  leave  to  a  more  experienced  helminthologist  to  decide 
to  what  species  of  nematode  it  belongs.* 

3.    In  examination  of  this  class  of  corpuscle,  namely, 

those  intimately  associated  with  the 
The  corpuscles  associated    wcU-kuown  flakcs  lu  cholcra  deicc- 

with.  the  "flakes"  change  in  ...       n  ji  j_     i.  •  i 

appearance  very  quickly.  tlOUS,  it  IS  01  the  grcatCSt  importance 

that  the  evacuation  should  be  a  recent 
one,  because  its  character  may  be  entirely  changed  in  the 
course  of  an  hour  or  two.  Sometimes,  however,  the  change 
is  not  so  rapid,  depending  on  the  chemical  nature  of  the 
fluid,  especially  on  the  extent  of  its  alkalinity — cholera  stools 
being  almost  invariably  alkaline.  The  method  adopted  in 
these  examinations  is  to  pour  the  discharge  into  a  conical 

*  tliis  report  wns  passing  through  the  press,  the  "  cliylous"  condition  which 

this  urmc  liiid  presented  for  more  Umn  two  months  graduully  disappeared,  and  so  did  all 
traces  of  albumen,  uud  of  the  euibryo-worms. 
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vessel,  set  it  aside  for  a  short  time,  and,  when  the  sedimont 
is  seen  to  have  been  deposited,  a  jnpette  is  introdtioed  iji 
order  to  transfer  a  portion  of  it  to  tlie  sh'de.  J''rer|neiitlv 
the  sediment  is  seen  to  he  of  a  very  slimy  nature,  requiring- 
some  tact  in  bringing  it  into  the  pipette. 


Illustration  I: — 

The  evacuation  was  from  a  man  suffering  for  eight  liours 
from  a  severe  form  of  cholera,  who  died  on  the  second  day. 
It  was  of  a  pale  straw  colour,  with  a  muco-flocculent 

deposit.    In  the  upper  liquid  por- 
case  exemplifying  these    tiou  nothing  spccial  was  visible,  but 
corpuscles  in  an  ea^iycondx.         examination  of  the  Sediment,  it 

was  found  to  consist  of  flakes  of  a 
gelatinous  semi-fibrous  texture,  studded  with  globules,  cir- 
cular and  oval,  with  a  pale  yellow  tint,  and  of  a  homo- 
geneous nature,  a  very  correct  representation  of  which 
is  given  at.  Eigure  xl.  In  some  of  these  bodies  a  clear 
space  is  observed,  but  nothing  further  could  be  made  of 
their  nature. 

Iodine  stained  some  of  a  brownish-red,  and  others  of 

a  deep  yellow. 

Liquor  potasses  seemed  to  make  the  corpuscles  more 

distinct  at  first,  and  to  isolate  the 
Effect  of  re-agents.  contained   grauulcs  and  molecules, 

o'ivino-  the  contents  a  distinctly  dotted  appearance.  The 
fibrillated  substance  became  slightly  granular,  then  it  gradu- 
ally faded,  and  so  did  the  corpuscles,  Avhich  in  the  course  of 
half  an  hour  entirely  disappeared,  except  here  and  there  a 
little  cluster  of  molecules,  five  or  six,  with  a  clear  space  in 
the  centre,  all  trace  of  the  fibrillated  texture  having  dis- 
appeared. ,  .  4.  4i  i. 

Acetic  acid  increases  the  stringy  appearance  at  farst, 
makino-  each  little  fibril  appear  dotted,  like  a  very  fine  bead 
of  o-ranules,  or  minute  molecules ;  eventually  the  fibrillated 
appearance  is  obliterated  altogether,  a  diffused,  finely  granu- 
lar substance  being  universal.  The  corpuscles  maintain  a 
sharply  defined  outline ;  the  continuity  of  the  outline,  how- 
ever seems  frequently  somewhat  broken  in  one  or  two 
T)laces,  as  if  the  circle  were  formed  of  two  or  three  short 
vibriones  imperfectly  united  at  their  ends.  The  next  day 
the  sediment  was  still  slimy,  and  could  not  be  taken  up  by 
means  of  a  delicately  pointed  pipette.    It  still  consisted  of  a 
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streaky  semi-membvauaceous  substance,  but  the  imbedded 

cells  bad  either  become  transpar(Mit, 
The  appearance  on  the    ^^j.  presented  a  granular  or  minutely 

molecular  appearance  (Fig.  xli),  Avith 

no  distinct  cell  wall.    Solution  of  chloride  of  gold  picked 

them  out  very  distinctly.  ,    , ,   ^      .  i 

On  the  third  day  the  flakes  had  lost  then-  membranaceous 

character  altogether,  but  many  of  the 
and  succeeding  days.  granular  corpusclcs  remained.  On  the 

fourth  day  a  few  animalculse  were  seen,  which  enormously 
increased  by  the  fifth  ( Eig.  xlii ).  On  three  occasions  only 
have  I  observed  the  appearance  of  this  protozoon  m  choleraic 

Several  evacuations  from  the  same  patient  were  sub- 
sequently examined;  the  flakes,  however,  did  not  present  the 
fat  globule-like  appearance  again,  but  molecular,  as  shown  m 
the  previous  Figure  (xli). 

Illustration  II :  — 

Another  case,  the  third  liquid  stool,  presented  a  yellow 

colour,  about  one-sixth  of  which  was 
case  in  which  the  corpus-    composcd  of  a  whitish  flocculcnt  sedi- 
cies  were  granular  when  the    mcnt,  presenting  prcciscly  tlic  samc 
::hrt^d"  :Zl^Tt^t    microscopical  character  as  the  second 
ments.  stagc  of  tlic  last  described;  a  semi- 

membranaceous  substance,  dotted 
with  irregularly  defined  cells  (Fig.  xliii),  very  like  what  is 
seen  in  exudations  effused  in  catarrh.  On  very  careful  watch- 
ing they  are  seen  to  protrude  excessively  delicate  processes  of 
an  amceboid  character  (Fig.  xliv),  just  as  the  white  blood- 
corpuscles  do. 

Liquor  potasscB  caused  the  membranaceous  appearance 

to  vanish  after  a  time,  reducing  the 

Effect  of  re-agents.  1 1     ,  j  •  p  i 

cells  to  an  aggregation  oi  granular  or 
molecular  particles.  Ether  does  not  destroy  them,  nor  does 
aceiic  acid,  but  it  seemed  to  make  manifest  a  delicate  cell 
wall ;  and  iodine  superadded  enhanced  this  appearance,  in 
many  cases  causing  the  contents  to  collect  at  one  part  of  the 
cell  (Fig.  xlv). 

The  membranaceous  appearance  had  disappeared  in  tliQ 
fluid  on  the  fourth  day,  but  the  granular  cells  remained  visible 
for  nearly  a  wc(!k. 
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Illustration  III : — 

The  fifth  evacuation  of  a  patient  suffering  from  tl»c  cokl 

stage  of  cliolera  was  examined  half  an 

Case  in  which  hyaline  and  hour  after  it  WaS  paSSed  It  WIS 
granular    bodies    ai-e   seen  i       ,  .  ,  i'uonuu.  u  as 

together.  coloiu'less,  With  a  few  shreddy  flocculi 

_  ^  floating  in  it.   It  was  slightly  alkaline, 

Ihe  flakes  presented  the  same  membranaceous  appearance 
as  in  the  foregoing  example  (Pig.  xliii),  with  numerous 
corpuscles,  more  or  less  intimately  held  in  the  meshes  of 
this  texture,  a  great  number,  however,  being  dispersed  in 
the  fluid  ;  some  were  oil-like  and  some  granular,  examples  of 
both  kinds  being  spherical  and  oval,  and  the  gradations  from 
the  merest  particle  of  slimy  or  oily  matter  to  the  complete 
corpuscle  were  so  line,  that  it  was  impossible  to  point  out  any 
salient  distinguishing  character  about  them.  "When  free, 
the  hyaUne  and  granular  corpuscles  were  more  or  less  round, 
but  when  contained  in  the  meshes  of  this  fibrillated  texture, 
were  generally  elongated,  as  shown  in  the  drawins:  (Eif. 
xlvi). 

Iodine  solution  being  added  to  the  slide,  it  was  observed 
_„  ^  „.  ^.  that  whereas   some  of  them  were 

Jijliect  oi  lodme.  ,  ,  , 

coloured  brownish-red,  the  greater 
portion  became  merely  stained  by  the  ordinary  tint  of  the 
iodine  (Pig.  xlvii) ;  all,  however,  in  the  course  of  the  day 
becoming  granular,  but  the  distinction  of  brown-red  and 
mere  yellow  remained. 

In  the  course  of  an  hour  other  slides  were  prepared,  but 
the  microscopic  appearance  had  become  totally  different. 
The  oil-like  bodies,  of  whatever  shape,  had  become  granular, 
and  the  field  presented  exactly  the  same  appearance  as 
presented  in  Eigures  xli  and  xliii,  while  the  addition  of  re- 
agents produced  the  same  results.  On  the  fourth  day  all 
traces  of  corpuscles  had  passed  away,  merely  broken  down 
molecular  matter  remaining. 

4.    Intermixed  with  the  corpuscles  ah*eady  described 

are  others  to  which  I  wish  to  allude 
tio'^:;;2^:i:Jr"°°"''"    with  the  greatest  caution.  Prequently 

a  globule  has  been  observed  for  some 
time,  and  finally  disposed  of  as  being  merely  an  oil  one, 
when  suddenly  it  is  seen  to  protrude  a  portion  of  its  sub- 
stance; retract  it,  and  while  so  doing  another  protrusion 
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becomes  visible  at  some  other  portion  of  the  little  mass, 
and  then,  perhaps,  it  will  shift  its  position,  exactly  after  the 
manner  of  an  amoeba. 

These  are  frequently  hyaline  in  a  fresh  stool,  but 
generally  granular ;  no  trace  of  nucleus  or  contractile  vesicle 
can  be  observed ;  sometimes  they  are  very  numerous,  but  when 
there  are  other  corpuscles  in  the  field  which  act  in  a  some- 
what similar  manner,  it  is  impossible 

geterS'i^granuiS''^^^'''''*        Say  to  wMch  class  they  belong, 

unless,  indeed,  they  move  across  the 
field  Mke  an  ordinary  amoeba,  and  not  merely  content  them- 
selves with  protruding  portions  of  their  substance  into  the 
siuTOunding  fluid,  as  was  stated  the  corpuscles  in  the  last 
described  kind  did.  I  am  not  in  a  position  to  state  that 
these  are  the  "still"  and  amoeboid  conditions  of  more  than 
one  kind  of  animalculse ;  probably  they  are,  but  that  they  are 
so  of  one  kind,  I  think  I  may  state  pretty  definitely ;  and, 
as  they  are  sometimes  distinguishable  in  the  still  globular 
condition  for  a  considerable  time,  they  really  may  have 
been  the  bodies  seen  by  Professor  Hallier,   and  mistaken 

Possibility  of  tHeir  Having  ^^''^  SWOUcn    SpOrCS  ;  UlOSt 

been  mistaken  for  swollen    irequcutly,  howcvcr,  they  are  of  short 

duration. 

The  cause  of  this  variableness  I  am  not  in  a  position 
to  state. 

These  bodies  were  noticed  very  early  in  the  course  of 
the  inquhy,  and  every  particular  concerning  them  noted; 
but  I  have  to  confess  that  not  a  few  links  are  wanting  in 
the  "  life  history"  of  these  animalculse,  which  the  following 
illustrations  will  but  too  plainly  demonstrate. 

Illustration  I: — 

A  pale,  straw-coloured,  perfectly  liquid  stool,  in  wliich  the 
sediment  was  very  scanty,  was  obtained  from  a  patient  in 
the  cold  stage  of  cholera.  The  dejections  being  passed  invo- 
luntarily, numerous  little  heaps  of  sarcinm  were  present 

(Pig.  xlviii),  as  indeed  exist  to  a 

Presence  of  sarcinDe  almost      ^.      j.  i  i.     a.  •  i       n  ji 

universal  in  cholera  stools.      greater  or  Icss  cxtcut  m  nearly  all  the 

cholera  evacuations  examined,  with 
numerous  masses  of  a  granidar  or  jelly-hke  substance,  in  which 
yellow  translucent  lumps  are  imbedded,  probably  of  a  fatty 
nature  (Pig.  xlix,  1) ;  together  with  masses  of  a  somewhat 
similar  outHne  observed  to  alter  m  form  very  slowly,  as  at  2. 
In  some  cases  a  pellicle  becomes  evident,  when  the 'contained 
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jolly-like  protoplasm  contracts,  as  at  3,  the  various  forms 

assumed  by  which  are  represented  at 
Alterations  in  the  form  of    Pigure  1,  witli  a  CTcat  numljcr  of  m0)-(' 

the   spherical    bodies   very  i  i      •     i  jiLiuiui^i.  wx  jiiujt, 

gradual.  Or  Icss  spliei'ical  hodies  very  like  oil 

globules  (Eig'ure  li) ;  some  are  seen  to 
be  flattened  out  (1),  others  protruding  a  vesicle  exceedingly 
slowly ;  the  body  at  No.  2  becoming  in  the  course  of  five 
minutes  to  the  condition  delineated  at  3,  4,  5 ;  Avhilst  great 

numbers  of  a  minute  animalcule  M  erc 
acS^^lLaicuir"^'"''"^    s^^en  actively  moving  among  them  all ; 

sometimes  one  flagellum  is  seen  a  pos- 
terior one,  at  others  an  anterior  one  also,  both  being  retractile 
at  will,  and  another  may  be  darted  forth  out  of  any  portion  of 
its  body.  No  organized  structm'e  can  be  seen,  neither  mouth 
nor  eye  spot,  nor  any  trace  of  contractile  vesicle,  merely  a 

spindle-shaped  speck  of  ielly  enclosed 
f^rm"'''*"'"''     ill  a  delicate  elastic  sac,  endowed  with 

the  power  of  rapidly  altering  its  shape 
and  position  (Fig.  lii).  So  capable  are  they  of  adapting 
themselves  to  circumstances  as  to  be  able  to  insinuate  them- 
selves with  the  fluid  through  the  meshes  of  fine  blotting- 
paper.  All  these  were  present  to  a  greater  or  less  extent 
for  a  week. 

A  drop  of  the  fluid  was  placed  on  a  hermetically 
sealed  slide,  and  the  little  bodies  remained  active  until  the 
fourth  day,  when  they  gradually  ceased  to  present  any  kind 

of  motion,  but  settled  down  into  irre- 
to?hT"S'?oTdS:n"'*'"'    S^ilar  little  masses  of  jelly-Hke  appear- 

ance,  to  which  condition  also  the  cor- 
puscular bodies  had  been  reduced  (Fig.  liii).  On  several 
occasions,  however,  the  animalculse  were  seen  to  become  more 
than  usually  active  for  a  short  time,  before  ceasing  altogether : 
to  push  out  processes  in  all  directions,  and  as  quickly  taking 
them  in  again,  finally  settling  down  as  shapeless  little 
pellets.  Some  of  the  various  forms  assumed  by  one  of  these 
at  this  sbge  are  sketched  in  Figure  liv. 


Illustration  IT : — 

A  condition  precisely  similar  to  the  foregoing  Avas 
observed  in  the  evacuation  of  another  man  a  few  hours  before 
death,  as  well  as  in  the  contents  of  the  large  and  small  intes- 
tine at  the  post-mortem  examination.  The  action  of  re-agents 
is  much  the  same  as  on  any  other  hyaline  protein  globule. 
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Thev  remained  unaffected  by  strong  acetic  acid Jov  ten 

minutes  ;  gradually,  liowever,  the  con- 
Action  of  re-agents.  ^^^^^^  Contracted  more  or  less  regu- 
larly, thus  allowing  of  a  delicate  capsule  being  brought  to 
vievv  (T^^i-  Iv,  1).  After  a  time  the  contents  vanished, 
merely  a  finely  granular  ring  being  left  (2)  ;  absolute  alcohol 
made  the  contents  appear  granular,  as  at  3  whilst  some 
appeared  but  little  atlected  ;  ether  subsequently  being  added 
caused  them  to  shrmk  considerably,  but  did  not  dissolve 

^^^^lodine  stains  them  a  brownish-red  and  makes  them 
appear  somewhat  granular  (5). 

In  order  to  test  whether  some  of  them  might  not  be 
"  spores,"  a  series  of  observations  was  commenced,  some  of 
which  have  abeady  been  described  in  the  chapter  on  "  Cysts" 

'  ^  A  growing-cell  was  prepared  on  the  Eevd.  Mr.  Berkeley's 
plan,  by  drawing  a  ring  of  varnish  on  the  glass  slide,  allow- 
ing it  to  become  nearly  dry,  cleansing 

Mr.   Berkeley's    growing.      -^^  ^J^g  COVCriug    glaSS,  tllO- 

roughly  with  spirit  and  distilled  water. 
A  droplet  of  the  evacuation  was  then  transferred  to  the  centre 
of  the  cell  (Pig.  Ivi),  care  having  been  taken  that  no  part 
of  the  sides  was  touched  by  the  fluid  when  the  covering 
glass  was  applied. 

It  was  afterwards  hermetically  sealed,  sufficient  air  being 
already  enclosed  to  allow  at  least  of  germination.  The 
limited  area  of  the  preparation  enabled  the  geography  of 
various  objects  to  be  easily  remembered,  and  tended  very 
materially  to  precise  observation. 

On  the  second  day  the  corpuscular  bodies  appeared  to 
be  more  granular  or  less  like  oil  globules,  frequently  with 
one  or  more  indistinctly  visible  vacuola3  (i^ig.  Ivii,  1) ; 
many  are  elongated  and  presenting  A'ery  slight  movements 
(Ivii,  2).  A  few  animalciilEe  Avere  still  present;  germinating 
spores  were  also  visible. 

On  the  third  day  the  circular  and  oval  bodies  had  almost 

entirely  disappeared,  but  on  approach- 
Transition  of  the  *•  stiu"  to    ing  the  margin  of  the  fluid  immense 

the  active  condition  on  the  i  i-     .^  •       i      i        j.  xi 

third  day.  .         numbcrs  01   the  annnalcula3,  to  the 

extent  of  half  the  field  of  the  micros- 
cope, were  seen  moving  about  with  great  rapidity  and  per- 
petually altering  their  form,  a  clear  space  being  observed 
in  some  of  them  (Fig.  Ivii,  3). 
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On  the  fourth  day  the  activity  of  the  little  animalcula? 
had  diminished,  many  wore  gradually  rc-assuraingthc  circular 
„  ,     .  condition.    Tliinking  that  tliis  was 

Return  to  the  "stiU"  con.     „,'t     j-       n  , 

dition.  nidication  for  a  Iresh  supply  of  air, 

the  varnish  was  scratched  aAvay  from 
a  small  portion  of  the  side  Avith  a  needle,  watching  the 
effect  under  the  microscope  Avhile  doing  so.  They  did  not 
appear  to  be  particularly  affected  by  this  proceeding,  for 
in  the  course  of  an  hour  they  had  all  become  circular,  and 
almost  motionless ;  many  attempts  were  made  to  get  at  a 
more  complete  life  history  than  this,  but  hitherto  without 
success. 

The  duration  of  the  corpuscles  and  of  the  active  ani- 

malculae  is  very  variable,  sometimes 

be^r":ivS^^hLdtt-onTf  f^^^  recognizcd  in  stools  which 
fluid.  have  been  kept  for  a  month  ;  on  other 

occasions  disappear  in  a  few  hours. 
They  have  frequently  been  seen  after  having  been  tho- 
roughly dried  to  re-assume  active  movements  on  the 
addition  of  fluid ;  but  exposure  to  the  sun  at  a  temperature 
of  120°  Fahr.  stops  all  movements,  no  matter  in  what 
fluid  they  are  placed,  becoming  sometimes  completely  dis- 
integrated, but  they  will  re-appear  in  such  a  fluid  after  a  time 
under  favourable  circumstances — probably  new  ones  being 
developed.  These  bodies  are  not  confined  to  any  parti- 
cular stage  of  cholera,  as  the  following  will  prove. 

Illustration  III: — 

The  dejection  of  a  person,  shortly  after  the  first  symp- 
toms of  cholera  set  in,  was  obtained  for  examination.  It 
was  about  the  third  liquid  stool,  of  a  pale  yellow  colour, 
slightly  alkaline  to  test-paper,  with  the  average  amount  of 

sediment.    This     consisted  almost 
Circular  corpuscles  present-    entirely  of  the  bodies  sketched  in 

ing  amoeboid  alterations  of  pj^^^^gs  lyiji  to  Ix.  Ftrst,  a  number 
shape,  associated  with  blood.  O  n  j  t  i 

cells  and  animaicuiee.  of  large  graiiular  cclls,  vciy  dclicatc 

filmy  sj^heres,  rolling  about  under 
the  covering  glass  (Pig.  Iviii)  frequently,  as  if  under- 
going the  process  of  division;  secondly,  corpuscles  of  the  same 
granular  appearance,  but  generally  somewhat  smaller,  from 
whicli  filmy  vesicle-like  projections  were  seen  to  proceed 
very,  very  slowly,  and  as  slowly  retracted,  followed  by 
a  similar  protrusion  from  another  portion  of  its  sub- 
stance (Fig.  lix,  1),   or  two  or  more  may  be  seen  at 
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the  same  time  (2).  The  granular  and  minutely  molecular 
matter  did  not  enter  into  these  saccules,  and  I  am  not  certain 
whether  an  inner  or  an  outer  wall  exists,  but  sometimes  it 
seemed  very  like  as  if  the  outer  gave  way  for  a  filmy  inner 
linino-  to  come  forth  (3),  at  other  times  it  seemed  quite  the 
reverse  (4).  After  a  short  time  the  projections  in  many 
cases  appeared  no  longer  to  he  retracted,  and  were  seen  to 
curve  upon  the  cell  as  the  evaporating  fluid  bore  it  along 
(5).  Some,  however,  are  seen  to  be  of  larger  size  (6). 
Thirdly,  blood-cells  which  have  assumed  very  peculiar  out- 
lines, the  result  of  diosmosis  (7)  ;  and  fourthly,  innumerable 
animalculie,  of  the  kind  already  alluded  to,  exhibiting  great 
activity  amongst  the  various  cells  in  the  field  f8). 

The  patient  died  on  the  next  day,  but  a  stool  was  exa- 
mined a  few  minutes  before  death  ; 

AnimaleulsB  attaoWng  them-  ^^^g  liig-jilY   colourcd    with  blood 

selves  to  blood-cells.  ,  ,    .     "^i  i  ^  o 

and  contained  a  great  number  oi 
animalculse  (Fig.  Ix).  Some  of  these  were  tugging  at 
the  blood-cells  and  altering  their  form,  distinctly  pulling  the 
pellicle  or  cell  envelope  away  from  the  enclosed  plasma. 
No.  1  was  altered  to  2,  3,  and  4<  in  the  manner  described 
and  shown  in  the  figure.  The  animalculse  presented  an 
unusual  appearance ;  either  a  large  clear  space  existed  in 
most  of  them,  of  the  same  size  as  the  blood-cells,  or  one 
or  two  blood-cells  had  become  engulphed  in  their  homogeneous 
substance.  In  some  cases  they  were  distinctly  seen  to  be 
n  erely  adherent,  the  little  creature  rushing  along  as  if  it  had 
n  burden. 

The  next  day  the  blood-cells  had  become  granular, 
b'lt  the  animalculse  were  as  plentiful  as  ever,  and  continued 
sc  for  a  fortnight,  everything  else  having  broken  down. 


Having  now  given  a  brief  account  of  these  few  classes 

of  corpuscular  bodies,  and  sliown  that 
culI^b^dLslecuirar^tJZ:  ^^nc  of  them  wcrc  seen  to  germinate 
lerap  like  thc  spores  of  fungi,  the  question 

naturally  arises — Are  any  of  them 

peculiar  to  cholera  ? 

Thc  first  class,  namely,  those  of  a  fatty  natui-e,  need 

not  be  considered,  for  no  one  will 
The  >«/ and  »econd  classes  of    supposc  them  to  bc  peculiar  to  the 

corpuscles.  i  •    ^         ,  i  t         .  , 

disease ;  the  same  may  be  said  concern- 
ing the  presence  of  blood,   and  as 
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to  the  sliape  assumed  l)y  its  corpuscles,  the  figure  ab-oadv 
given  in  connection  with  "  chyhyus  urine"  will  shoAv  that 
there  is  nothing  peculiar  about  it,  nor  yet  about  tlie  amcclja- 
like  movements  ol'  the  bk>od-cor]msclcs,  as  the  following  easily 
repeated  little  experiment  will  show. 

A  small  portion  of  a  slightly  alkaline  cholera  evacua- 
tion was  liltered  off  into  a  test  tube,  and  having  pricked  my 
finger,  a  few  drops  of  blood  was  allowed  to  fall  into  the  fluid, 
with  which  it  was  immediately  mixed,  and  a  drop  of  the 
mixture  transferred  on  a  slide  to  the  microscope ;  nearly  all  the 
red  cells  were  seen  to  present  a  stellate  or  ecchinnulate  appear- 
ance (Fig.  Ixi,  1) ;  only  a  few  Avhite 

Changes  occurring  in  fresh-  COrpUSClcS  Were  visiblc,  and  tllCSC 
ly  drawn  healthy  blood  when  ^      .    -,  ,  , 

placed  in  fluid.  presented  a  granular,  more  or  less 

circular  outline  (2).  Some,  however, 
were  spread  out  like  an  amoeba  (3),  but  no  movements 
were  seen.  In  the  course  of  two  hours  the  stellate  form 
of  the  red  cells  had  disappeared,  and  presented  the  various 
forms  commonly  seen  in  evacuations  (4).  Having  been  un- 
able to  see  any  of  the  white  cells  protrude  portions  of  their 
substance,  it  occurred  to  me  that,  perhaps,  the  temperature 
of  the  fluid  being  only  80°  was  the  cause;  consequently 
another  portion  of  the  fluid  was  filtered  and  carefully  warmed 
uj)  to  110°,  when  a  drop  or  two  of  freshly  drawn  blood  Avas 
introduced.  This  time  a  very  slightly  granular  white  cell  was 

seen  to  alter  its  form  and  protrude 
Warming  the  fluid  favor-    oue  or  two  vcsicles  from  its  substancc 
able  to  the  exhibition  of  amoe-    (5)  and  draw  them  in  again,  wliich 

boidmovementsm the  blood-      >  /'  p       '  . 

cells.  it  continued  to  do  for  a  few  minutes, 

then  ceased,  becoming  more  granular 
than  it  was  before.  Others  were  observed  to  act  in  the  same 
way ;  one  pale  white  cell  was  seen  to  possess  a  very  delicate 
filmy  capsule,  extending  some  distance  beyond  the  contents  (6); 
it  suddenly  vanished  altogether,  leaving  a  merely  irregular 
granular  heap  to  mark  its  position. 

The  fourth  class  (it  will  be  more  convenient  to  consider 

the  third  afterwards),   namely,  the 
Tiie  fourth  class  of  corpus-    yarious  stagcs  of  tlic  aiiimalculrc,  was 

for  a  considerable  time  the  subject 
of  much  curiosity,  especially  the  kind  described  as  presenting 
such  activity.  The  fact  of  their  being  almost  universally 
present  in  clioleraic  dejecta,  and  yet  never,  as  far  as  1  know, 
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alluded  to,  except  indeed  that  Thiersch  of  Erlangen  could 
have  seen  one  of  these  on  the  point  of  passing  into  the  "  still" 
condition,  during  which  stage  pseudopoda  are  incessantly 

projected  in  all  directions,  when  he 
Actinophrys-iike  stage.       gpealis    of  having  observcd  actino- 

phrys-like  bodies  in  some  choleraic  dejecta  which  he  had 
examined,  and  wondered  what  they  were.*  There  was  some 
difficulty  in  tracing  this  body  to  any  of  the  described  species 
of  animalcute.  Its  minute  and  rapid  motion  added  to  the 
difficiilty,  as  well  as  the  variableness  of  its  shape,  because 
although  generally  spindle-shaped,  it  may  become  round, 
triangular,"  or  stellate  in  less  than  a  second ;  frequently  a 
succession  of  pseudopoda  are  seen  projected  in  a  wave-like 
manner,  as  if  lashing  the  fluid  when  about  to  pass  out  of 
the  active  state.  It  is  generally  hyaline,  but  may  be  granu- 
lar ;  sometimes  a  vacuole  is  observed,  but  a  contractile  one 
never.  There  is  always  a  very  delicate  posterior  filament, 
at  first  continuous  with  the  sarcode,  and  a  stiU  more  delicate 
anterior  one,  both  retractile. 

In  some  respects  it  agrees  with  the  description  of  the 
Monad  Bodo,  but  as  Cienkowski,  in  his  celebrated  article  in 
Schulze's  "  Archiv,"  distinctly  states  that  in  the  amoebiform 
stage  of  all  the  true  monads  the  pseudopoda  are  pointed, 
whilst  in  the  amoebiform  stage  of  this  animalcule  the  pro- 
jections are,  I  think,  invariably  rounded,  so  that  for  this  and 
other  reasons,  which  need  not  hQ  entered  into  here,  room  may 

probably  be  found  for  them  among 
Probable  family  to  which    the  Astasisea  Or  EugleuEEa  family,  so 

the  animalcule  belongs,  and  •  j      i  rni 

its  connection  with  water.       commou  lu  our  tauks.    The  associa- 

tion  of  a  cholera  entozoon  with  the 
euglena,  one  species  of  which,  when  in  its  mature  condition, 
causes  the  red  colour  observed  in  so  many  pools,  and  which 
Ehrenberg  thought  was  the  means  by  which  the  miracle  was 
brought  about  of  turning  the  waters  of  Egypt  into  blood, — 
the  finding  of  precisely  similar  animalculge  in  drains,  gave 
rise,  as  may  be  supposed,  to  not  a  few  very  pretty  theories, 
which,  I  regret  to  say,  like  many  others,  had  to  be  aban- 
doned altogether. 

A  gentleman,  with  whose  personal  habits  I  am  well 
acquainted,  suddenly  felt  some  griping  pains  with  inclination 
to  go  to  stool,  but  was  otherwise  perfectly  healthy.  The 

*  The  animiilc.nlii'  nlliidcd  to  in  tills  Report  do  not  in  iiny  wny  resemble  the  figures  of 
the  actinophrys-like  pvotozoii  ucuomiv.in.ving  Dr.  Saudersou's  iiecouiit  ol'  his  uelobrated 
cxpcnmcuts  published  in  Mr.  Simou's  Ninth  Keport. 

B 
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motion  was  very  scanty  and  very  diluted,  but  Avas  followed 

by  immediate  relief.    It  occurred  to 

Found  in  other  than  cho-  subicot  tbc  stOOl  to  a  HlicrOS- 

lera  stools.  .  J  .  . 

copic  examination,  and,  to  my  sur- 
prise, these  animalcul£e,  both  in  the  active  and  "  still"  stages, 
were  present  in  the  most  perfect  condition,  together  with 
numerous  globules  of  a  fatty  nature,  exactly  similar  to  those 
already  alluded  to.  A  comparison  of  the  figures  here  given 
(Figs.  Ixii — iv)  with  ones  previously  described  will,  I  tliink, 
be  sufficient  without  repeating  that  description. 

The  next  stool  passed  by  this  individual  was  also  a 
relaxed  one,  and  microscopically  of  the  same  character, 
after  which  the  motions  were  perfectly  natural;  but,  in 
proportion  as  the  motions  became  more  solid,  the  ease  with 
which  these  animalculaB  could  be  found  diminished.  Many 
other  ordinary  evacuations  were  examined,  and  in  fully 
half,  after  more  or  less  careful  search,  they  were  discovered. 
After  a  brisk  purgative  they  are  frequently  seen  in  great 
perfection. 

In  alluding  to  the  nature  of  the  third  class  of  bodies, 

namely,  those  found  in  the  meshes 
The  mrd  class  of  corpuscles.  flbiillated  substaucc  composing 

the  flakes  in  cholera  evacuation,  I  wish  to  premise  that 
the  remarks  are  reservedly  made,  as  the  subject  belongs 
more  dbectly  to  the  pathological  anatomy  of  cholera,  which 
subject  forms  a  later  part  of  the  programme  drawn  out  for 
guidance  in  connection  with  this  inquiry.  It  wiU,  of  com-se, 
be  imderstood  that  the  corpuscles  of  the  foi-mer  three  classes 
are  also  found  with  the  corpuscles  formmg  this  division; 

indeed,  it  is  frequently  impossible  to 
Difficulty  of  distinguish-    separate  them,  especially  from  those 
ing  these  from  the  amoeboid    ojnogljiform  couditious  of  animalculaB 

stage  of  animaleul..  because      ^^^.^^  ^^^^  ^^^^        frequently  in  CVaC- 

uations.  This  is  probably  the  reason  why  so  many  different 
descriptions  exist  of  their  appearance  and  of  the  action  ot 
re-agents. 

Kow  the  chief  statement  I  have  to  make  concerning 
the  corpuscles  of  this  class  is,  that  they  ff'^./l'^^'f- 

ments  somewhat  like  the  movements  associated  loith  the 
menis  ^^^^^^^^  ^^^^^  ^^^^  ^^^^^     ^^^^  ^^^.^^,,1 

these  corpuscles  exhibit  some-  examination   witli  a  good  \  of  an 

what  similar  movements.  .^^^  objcct-gklSS,  bc  VCrificd  by  auy 
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one  accustomed  to  the  use  of  the  microscope  in  most  cholera 
stools  when  perfectly  fresh.  A  portion  of  the  substance 
of  the  corpuscle  is  seen  to  creep  out  insensibly  from  the 
mass,  and  as  insensibly  retm*n :  unless  the  eye  is  carefully 
fixed  on  the  body,  and  is  already  a  more  or  less  educated 
eye,  the  phenomenon  is  not  detected,  and  the  observer  en- 
ters it  as  "  disintegrated  epithelium"  in  his  note-book.   It  may 

perhaps  be  remarked  that  no  draw- 
Absence  of  epitneiium  in    j^^^™  q|'  columnar  epithelium,  said  to 

cholera  stools.  ,  .  i    •         i    t  t   •  j 

be  so.  universal  m  cholera  dejecta, 
appears  in  this  report.  The  reason  is  that  its  presence, 
to  an  appreciable  extent,  has  not  been  observed  in  the 
contents  of  the  intestines  discharged  during  life ;  indeed,  the 
only  occasions  on  which  I  have  been  able  to  observe  it 
quite  distinctly  were  in  discharges  voided  a  few  minutes 
before  death,  a  long  interval  having  elapsed  since  the  occm'- 
rence  of  a  previous  stool.  It  was  Boehm,  I  think,  who  first 
laid  great  stress  on  the  fact  of  the  shedding  of  the  epithelium 

in  cholera  about  1832,  since  which 
Shedding  of  columnar  epi-    period  it  has  bccn  the  general  opinion 

lyBo'^m""^'''''"'"'""'''    i^.  Germany,  with  the  exception  of 

Virchow  and  a  few  others.    In  the 

well  knoTSTi  Bavarian  report  of  1857  I  find  great  prominence 

given  to  this  view,  modified,  however, 

^upportedby  many  German        ^j^g  remark  that,  as  a  rulc,  only  the 

broken  down  epithelium,  or  rather  freed 
nuclei  of  such,  are  seen.    Dr.  Beale  also  lays  great  stress  on 

the  diseased  condition  of  the  epithe- 

and^by  Beale  and  Macna-     j^^^^  j^^^^^    authority  OU 

the  subject,  Dr.  Macnamara,  follows 
Dr.  Beale ;  indeed,  it  is  evident  that  Dr.  Macnamara's  expla- 
nation of  many  of  the  phenomena  observed  in  this  disease 
is  based  upon  a  conviction  of  the  correctness  of  the 
views  advanced  by  these  writers.  It  is  of  the  utmost  im- 
portance in  matters  of  this  kind,  as  was  pointed  out  by 
Professor  Parkes  in  181<8,  not  to  confound  the  microscopical 

appearance  of  the  rice-water  stools 

llVmSLt rttYit^i^lT;  P'^f  ^  ^^I^S  life  with  that  of  the  con- 
present  after  death.  tcuts  01  the  mtcstinc  obtained  after 

death.  In  a  brochure  which  was  pub- 
lished by  him  on  this  subject  at  the  time  I  find  stated :— "  With 
regard  even  to  the  separation  of  the  epithelium,  although  from 
the  fticility  with  which  this  structure  is  shed,  even  durino- 
ordinary  healthy  processes,  it  does  appear  probable,  d  j^riorf, 
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tliat  it  would  be  Largely  throAvn  off  in  cliolcra,  there  is  absoliUeli/ 
no  proof  that  it  is  so  throimi  off  unlit  after  the  death  of  the 
'patient.  The  stools  contain  none,  or  a  quantity  not  more  con- 
siderable than  is  present  in  common  diarrhoea."*  Judging 
from  the  cholera  stools  which  have  come  under  my  observa- 
tion in  Calcutta, — several  hundred  specimens, — I  believe  that 
not  more  than  two  out  of  twenty  slides  will  contain  distinct 
traces  of  columnar  epithelium. 

That  these  corpuscles  are  the  remains  of  diseased 
epithelium  may,  I  tlunk,  be  disproved  without  any  reference 
to  post-morlan  appearances,  which  I  wish  at  present  to  avoid ; 
first,  by  the  fact  that,  under  favom^able  circumstances,  they 
exhibit  movements  exactly  analogous  to  those  seen  in  the 
blood,  pus,  li/tnph,  chyle,  and  the  so-called   mucus"  corpuscles. 

Secondly,  cell  formations  and  minute 
Reasons  for  believing  tiiat    flocculi,  microscopically  identical  Avith 
fer%3"^:Sreur'no;    these,  may  frequently  be  observed 
tkeir  freed  nuclei.  uudcr   otlicr   couditions,   and  from 

sources  where  it  would  be  difficult  to 
account  for  their  presence  were  they  epithelium  fragments, 
such  as  in  the  fluid  obtained  by  pricking  a  blistered  sm-face. 
Thirdly,  that  even  where  portions  of  columnar  epithelium  are 
seen  they  will,  I  believe,  almost  invariably  exhibit,  no 
matter  how  much  broken  down  the  cell  appears,  the  delicate 
rim  or  basement  membrane  lining  the  free  end  of  the  cell, 
believed  by  some  to  be  pores  communicating  with  the  cell. 
The  presence  of  epithelial  fragments,  when  not  excessive,  may 
be  readily  accounted  for  by  the  process  of  renewal  which 
takes  place  in  all  cells.  Dr.  Sharpey  writes  : — "  The  particles 
of  columnar  epithelium  are  undoubtedly  subject  to  shedding 
and  renovation.  According  to  Donders  and  Kolliker,  the 
columnar  cells  on  the  vilU  appear  occasionally  to  cast  off 
parts  from  their  upper  ends,  with  subsequent  reparation  of 
the  loss  ;  that  is,  a  cell  enlarging,  and  a  second  nucleus 
appearing ;  the  upper  and  broader  part  with  its  nucleus  and 
much  of  the  cell  contents  separates,  and  the  lower  remain- 
ing portion  with  its  nucleus  grows  again  to  the  natural  size." 
And,  fourthly,  the  epithelium  thus  discovered  in  the  dejecta 
will  remain  for  weeks  imchanged  in  the  fluid  in  which  it 
was  found,  shoAving  that  the  action  of  the  liquid  portion  of 
the  stool  is  not  so  destructive  to  it  as  would  be  inferred  if 
the  numberless  corpuscles  seen  were  the  residt  of  the  dis- 


*  The  italics  nre  iniue. 
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intei^ration  of  epitliclium  wMcli  had  been  slicd.    I  think 
there  is  no  doubt  but  that  these  are  the  "  peculiar  corpus- 
cles" first  described  by  Dr.  Parkes, 
Probable  identity  of  the    with  probably  the  circular,  "  still " 
corpuscles  with  those  des-    condition  of  the  animalculse  alluded 

cribed  by  Parkes  as  "pecu-  j_  n 

liar  bodies."  to   in  this  icport,  the  microscopic 

appearance  and  the  action  of  re- 
agents coincide  so  entirely  with  the  minute  description  given 
of  them  in  the  author's  work.  I  am  as  yet  not  in  a  position 
to  verify  the  author's  belief  that  they  are  confined  to  any 
particular  stage  of  the  disease.  I  hope,  however,  to  obtain 
more  exact  data  on  the  subject  in  my  next  report. 

With  respect  to  the  natm'c  or  origin  of  these  corpuscles 
and  the  fibriUated  substance  in  which  they  are  imbedded, 
I  have  not  been  able  to  disprove,  nor  in  any  way  to  modify, 

the  views  expressed  by  the  writer  at 

n.Scat?o?orflbr?ar"'  '    the  time  whcu  he  diw  attention  to 

them  in  the  follomng  extract,  which 
may  appropriately  serve  as  the  concluding  sentence  of  this 
paragraph : — 

"  It  is  in  the  highest  degree  probable  that  they  owe  their 
origin  to  effused  blood-plasma,  which  assumes  with  great 
rapidity  a  low,  ill-defined,  and  non-progressive  organisation." 
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The  term  "micrococcus"  {mikros  smaU,   and  JcoMcos 

kernel)  is  now  pretty  generally  adopt- 

TJsual  meaning  attached  to  xi,  „    „     !•        j.   ^       xi         i  « 

the  term  "micrococcus."        cd  ou  the  coutmcnt  by  thc  class  of 

writers  who  advocate  the  pre-existence 
of  a  GERM,  in  some  shape  or  other,  to  every  living  tiling,  this 
germ,  which  may  be  infinitely  minute,  being  called  its  "  micro- 
coccus ;"  whereas  another  class  of  writers,  very  numerous  now 
in  England  as  well  as  on  the  continent,,  maintain  that  the 
pre-existence  of  a  germ  is  not  necessary  to  the  development 
of  living  objects,  providing  certain  atmospheric,  chemical, 
physical,  and  other  agencies  are  present;  the  nature  of  the  ob- 
ject developed  depending  on  the  relative  proportion  of  these 
agencies  or  "  forces."  In  short,  that  life  is  a  creature  of  cir- 
cumstances, those  circumstances  being  of  an  entirely  physical 
nature.  The  question  of  the  existence  or  non-existence  of  a 
"germ"  being  of  such  great  importance  in  connection  with 
epidemics  and  infectious  diseases  generally,  and  its  investio-a- 
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tion  associatod  with  so  many  diflicalties,  I  sliould  have  preferred 
not  alluding  to  the  subject  of  this  section  at  present,  not  liavinj? 
had  time  to  accumulate  sufficient  material  to  enable  me  even 
to  obtain  a  clear  idea  as  to  what  changes  take  place,  mucli 

less  to  attempt  passing  any  opinion 
t^\ZZ:Zi::lfZ7ll'.  concerning  those  changes.  As,  how- 
jeot  of  this  section.  cvcr,  it  might  be  thought  that  no 

attention  had  been  given  to  this  por- 
tion of  Hauler's  theory, — in  some  respects  the  most  important, 
and  certainly  the  most  difficult  to  disprove,— a  few  illustrations 
will  be  given  of  wliat  has  been  done  in  the  matter. 

As  already  explained,  the  micrococcus,  or  germ  of  cholera, 

is,  in  the  opinion  of  Hallier,  the  disin- 

HaUier  maintains  that  the  tcgratcd  SporCS  of  a  SpCCial  fuUffUS, 
germs  of  cholera  are  the  dis-  •         •   i_  ,  i 

integrated  spores  of  a  special  wliicli  cscapmg  mto  watcr  may  be 
f^giis.  swallowed,  or  after  being  wafted  by 

the  air,  adding  a  trifle  to  the  "dust," 
according  to  Professor  Tyndall,  so  prevalent  therein,  reach 
the  interior  of  the  human  body,  there  to  develop  at  the 
expense  of  the  nitrogenous  material,  notably  the  epithelium 
of  the  intestinal  canal. 

It  will,  of  course,  be  evident  that  the  attempts,  already 
described,  to  produce  a  peculiar  fungus  by  cultivation  of 
choleraic  discharges  in  which  bodies  somewhat  resembling 
"  cysts  "  and  "  spores  "  existed,  equally  favom'able  conditions 
were  at  hand  for  the  development  of  their  ultimate  ele- 
ments ; — seeiug,  however,  that  the  fungi  which  then  appeared 
possessed  no  peculiarity,  one  may  conclude  that  either  the 
attempts  to  cause  the  development  of  the  particular  micro- 
coccus of  cholera  were  failures,  or  that  no  cholera  "  micro- 
coccus" existed,  at  least  not  as  the  germs  of  a  fungus. 

Dm'ing  the  earlier  part  of  the  inquiry  it  was  thought 

that  a  greater   number  of  minute 

The  statement  that  monads     jjodigg   Qf  Ol'ganic  UaturC  Cxistcd 

and  -vibriones  are  more  plenti-      .  .  ii      ji  n  ^ 

ful  in  choleraic  than  in  other     lU    Cliolcra    StOOJS    than     WerC  lOUnCl 

discharges  clscwherc ;  to  this  impression  the  mind 

was  evidently,  though  unconsciously,  predisposed,  from 
the  fact  that  the  fermentation  theories  of  cholera  neces- 
sitated, to  a  more  or  less  extent,  the  supposition  that 
*monads,  bacteria,  and  vibriones  (Fig.  Ixiv)   flom-ish  to  a 

*  Irrespective  of  any  theory  as  to  the  nature  or  mode  of  formation  of  these 
minute  boilies,  I  have  followed  tlio  example  of  Professor  Huglics  Bennett  in  adopting 
the  terms  " monads "  when  simple  molecules  are  meant  (Fifj.  Ixiv — 1)  ;  "bacteria"  when 
the  bodies  are  slightly  elongated  (2) ;  "vibriones"  when  still  more  so;  and  "leptothrix" 
when  presenting  a  linked  appearance  (4). 
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oTcatei'  extent  in  this  than  in  other  diseases.  Thus  far  1 
have  not  found  this  to  be  the  case;  indeed,  the  discharges  of 
cholera  patients,  if  examined  immediately,  do  not  contain 

such  quantities  of  these  minute  bodies, 
has  not  been  supported  by    especially  if  the  stools  havo  bccn  voided 

these  observations.  •  j.i  i 

m  rapid  succession,  consequently  have 
not  been  long  detained  in  the  intestinal  canal.  Neither 
have  I  been  able,  after  repeated  observations,  to  find  that, 
dm-ing  the  decomposition  of  a  cholera  discharge,  a  greater 
number  of  the  minute  bodies  associated  with  putrefaction  were 

developed  in  it  than  were  developed 
The  minute  organisms  as-  uudcr  similar  circumstancos,  such  as 
Bociated  -with  decomposition    ^-j^^  amouut  of  hoat  and  moisture,  in 

of  cholera  stools  not  exces-  t     i  i 

Bive;  ordinary  alvme  discharges;  nor  have 

I  been  able  to  find  that  any  pecuKar 
growth,  animal  or  vegetable,  will  proceed  from  the  one  which 
does  not  proceed  from  the  other.    On  this  point,  however,  the 

number  of  observations  have  been  far 

nor  microscopically  peculiar.     toO  fcW  the  SOUrCCS  of  fallacy  being 

This  statement  is  made  re-  i  -i  -i  ,  i   -A 

servediy.  SO  many — to  enable  one  to  speak  with 

confidence,  but  I  trust  in  the  next  re- 
port to  be  able  to  furnish  more  minute  data  concerning  this 
matter.  On  an  average,  out  of  a  dozen  experiments  under- 
taken, not  more  than  one  is  brought  to  a  satisfactory  conclusion, 
which  is  not  to  be  wondered  at,  when  it  is  considered  that  the 
quantity  of  matter  experimented  upon  does  not  exceed  one- 
fourth  the  size  of  a  drop  of  water ;  that  this  requires  the  free 
admission  of  atmospheric  ah%  and  that  it  has  to  be  examined 

at  least  daily,  for  a  month  or  more, 
Difficulties  in  ascertaining    oftcu   for   liours    together.  Either 

the  nature  of  minute  bodies      .,       n    •  i        ii      i  -"-lii-iiwi 

are  not  only  manipulative,      the  fluid  Suddenly  ovaporatcs,  or  the 

lens  touches  the  covering  glass,  thus 
disturbing  the  geography  of  the  preparation ;  or,  which  is  the 
most  frequent  accident  of  all,  and  one  of  the  most  untoward, 
a  minute  spore  of  some  fangus  falls  from  the  air  upon  the 
moist  slide — germinates ;  the  filament  insinuates  itself  through 
the  little  air-orifice  which  had  been  made  in  the  walls 
of  the  growing  cells,  and  reaches  the  preparation,  where 
it  not  only  obscures  the  field,  but  alters  the  chemical  and 
other  forces  taking  place  in  that  droplet,  and  the  forms  of 
life  which  had  developed  therein— I  do  not  say  spontaneously — 
become  altered  also.  I  have  frequently  observed  that  a 
slight  disturbance  affects  the  development  of  these  minute 
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organisms ;  eitlier  the  forms  of  life  previously  present  cease 

to  grow,  being  replaced  by  others,  or 

rentrturA.:s°cepUmS  Pi-opc-ss  bccomcs  changed, 

to  trifling  disturbances.         and  tlic  manifestations  of  life  take 

another  direction. 

These  points  will  become  more  or  less  evident  from  a 
perusal  of  the  following  examples,  which  are  intended  to 
serve  as  illustrations  of  the  method  adopted  in  carrying 
out  these  investigations,  rather  than  as  evidence  for  or 
against  any  particular  hypothesis. 

In  order  to  be  the  better  able  to  judge  of  the  signi- 
ficance of  the  development  which  might  take  place  in 
substances  obtained  from  diseased  conditions,  it  was  considered 
of  the  utmost  importance  that  definite  knowledge  should  be 
acquired  of  what  developed  in  nitrogenous  material,  when  it 
was  known  that  no  disease  existed.  With  this  object  in  view, 
solutions  were  made  of  various  substances,  to  which  choleraic 
and  other  discharges  were  added,  careful  notes  and  dra\Adngs 
being  made  of  the  changes  that  occmu'ed  from  day  to  day. 

Illustration  I: — 

As  examples  of  the  changes  which  occur  in  solutions 

of  ordinary  organic  matter,  the  folio w- 
iuWorsof'^SnSmSr°"         experiments  on  watery  infusions 

and  decoctions  of  meat  are  selected 
on  account  of  the  simplicity  of  the  mixtiu'e,  and  as  illus- 
trative of  what  has  been  stated  above,  namely,  that  slight 
alterations  in  their  surroundings  exert  a  powerful  influence 
on  the  forms  which  living  matter  will  assume. 

(a J.    One  ounce  of  carefully  filtered,  distilled  water 

was  placed  in  a  test  tube  and  a  piece 

Cold  solution  of  raw  meat ;         „     ^  j.  /i      i?\      i      j.  -i-i  • 

of  raw  meat  (beef)  about  the  size  oi 
a  pea  dropped  into  it,  the  portion  being  carefully  removed 
from  the  centre  of  a  fresh  piece  of  muscle. 

In  the  com-se  of  twenty-fom*  hom-s  the  upper  half 
presented  a  milky  appearance,  and  there  was  a  very  thin 
film  on  the  smface.   It  consisted  of  minute  molecules  (monads 

or  micrococcus),  together  with  long 
miikiness  on  the  second    xj^ked   filauionts  of  a  larger  size 

day.  due  to  molecules.  ,  .  i-i  Pii 

than  vibriones,  which  were  pcriectly 
still  (Fig.  Ixv).  The  miikiness  of  the  fluid  continued  to 
increase,  but  the  pellicle  did  not  get  much  stronger,  for 
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on  the  tliird  day,  whilst  attempting  to  remove  a  little, 

it  broke  altogether  and  sank  in  the 
th^'Sdday^^"  fluid.    On  examination  it  was  found 

to  contain  a  few  long  filaments  with 
monads  and  short  vibriones,  among  which  little  oval  accu- 
midations  or  "  heaps"  were  seen,  as  if  composed  of  broken 
down  molecules  (Fig.  Ixvi).  The  next  day  the  vibriones 
were  considerably  longer,  but  no  other  change  was  visible 
(Pig.  Ixvii).  On  the  fifth  day  the  "heaps"  had  increased 
in  number ;  although  they  appear  granular  with  a  power 

of  three  hundred,  they  are  distinctly 
Each  « heap"  composed  of   gecu  to  be  molccules  bv  a  higher 

molecules, -with  a  central  p  or-  ,  -p,       j    i       o  •  i 

tion  structureless  and  stm.        pOWCr,   SUCfi  aS   JiOSS         01    an  mCU 

object-glass,  except  the  central  por- 
tion, which  seems  to  be  of  an  amorphous  nature,  and  reflects 
the  light  differently.  In  contact  with  the  particle  of  meat 
was  a  shreddy  substance,  also  containing  heaj)s,  in  the  midst 
of  which  round  cells  of  various  sizes  had  developed,  from 
a  minute  molecule,  presenting  a  brighter  appearance  than 

the  ones  in  the  field  generally,  up 
A  few  molecules  had  in.    ^0  cclls  with  a  diameter  somewhat 

creased  m  size  on  the  fifth  .        , ,         n     ,      «  i  i  t  -■ 

day.  greater  than  that  of  a  red  blood-cor- 

puscle (Fig.  Ixviii).  The  larger  ones 
were  seen  to  be  sm'rounded  by  a  distinct  capsule,  between 
which  and  the  contained  protoplasm  (which  had  a  bluish 
tint)  a  little  fluid  seemed  to  intervene ;  this  in  certain  lights 
presented  a  red  tint.  The  hyaline  substance  altered  its  shape 
occasionally  within  its  capsule,  but  the  movement  was  an 
^  ^  ,        ,         ,      exceedingly  slow  one.    In  the  ceUs 

Contents  of  the  larger  mole-     „j?  i  ^^       ji  n 

cuies.  a  lew  grades  smaller  than  the  ones 

described,  the  protoplasm  presented 
a  somewhat  bluish  tint,  but  of  a  yellowish-blue  when  ex- 
actly in  focus ;  they  also  seemed  to  possess  the  power  of 
altering  their  form,  or  rather  to  dilate  and  contract  very 
slowly. 

These  molecules  kept  increasing  in  number  and  size. 
As  a  rule,  the  larger  they  are,  the  more  amorphous  matter 
surrounds  them;  that  is,  the  larger  the  heap.  After  this 
putrefaction  set  in  very  rapidly;  no  fm-ther  progress  oc- 
cmTcd,  but  the  whole  became  disintegrated. 

(6).    A  small  portion  of  meat  was  placed  in  distilled 

Asolution   like  the  fore-     T^^""  ^"^"^  thorOUgldy  boUcd 

goinff,  but  thoroughly  boiled.         somo  time  m  a  Morcncc  flask; 

filtered  whilst  hot  into  a  clean  test 
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tube  (Avliioli  had  been  previously  subjected  to  the  flame  of 
a  spirit-lamp) ;  it  was  then  covered,  but  not  so  tightly  as 
to  prevent  the  entrance  of  air,  and  placed  in  the  same 
compartment  as  the  foregoing. 

On  the  second  day  it  had  become  milky,  and  presented 
a  slight  film  of  a  somewhat  similar  nature  to  the  previous 
one ;  little  chains  (leptothrix)  interspersed  throughout  the 

field,  with  a  few  monads  and  short 
^Progress  during  tue  first    yii^^iones.    TMs  appearance  was  still 

■  more  marked  on  the  third  day  (Fig. 

Ixix).  On  the  fom-th  day  the  linked  filaments  were  present, 
but  the  molecules  (or  micrococci)  had  increased  in  size, 
which,  with  the  short  vibriones,  presented  great  activity. 
On  the  fifth  day  the  milky  appearance  had  diminished,  but 
no  change  could  be  observed  under  the  microscope. 

Little  "  heaps"  now  formed  amongst  the  molecules,  the 
fluid  at  the  same  time  clearing  up,  and  towards  the  end  of 
the  third  week  the  slight  precipitate  which  it  contamed 

not  only  presented  monads,  bacteria, 
To-wards  tiie  end  of  the    qj^^  vibrioucs,  but  animalculce  in  great 
'£:LTet^''^i^^e^es    uumbcrs,  which  wcro  seen  at  one 
found  in  choleraic  and  otter    jnomcnt  elongated  and  vcry  active, 
discharges.  ^^^^   cii'cular  and   stilly  (Pig. 

Ixx)  very  like  the  ones  above  described  as  occm-ring  in 
choleraic  and  other  discharges.  In  some  of  these,  however, 
one,  two,  or  three  contractile  vacuolse  were  observed  lasting 
about  three  seconds,  and  about  three  seconds  absent.  In  addi- 
tion to  these,  a  few  amcebse  were  present,  with  no  contractile 
vesicle ;  probably  an  earlier  stage.  It  was  then  set  aside  for 
a  fortnight ;  the  animalculse  were,  if  anything,  more  plentiful 

than  before,  and  when  m  the  active  or 

The  resemblance  becoming     « still"  COUditioU  WCre  Uot  distingUlsh- 

stiu  more  striking  by  the  fifth    ^^^^q  from  the  oucs  describcd  as  being 

found  in  the  stools,  as  may  be  seen  by 
reference  to  Figure  Ixxi,  where,  in  adcUtion,  some  grcen- 
colom-ed  cells  are  seen.  The  latter  were  no  observed  to 
develop  into  anything  higher,  although  watched  carefully  on 
a  slideV-two  Lonths;  they  ^^V^^—f.^^^^^^^ 
nimiber.    The  test  tube  was^set  ^^^J^^ 

Paramecium-iike    bodies    auimalculao  thau  bcforc,  belonging  to 

appeared    towards    end    of       ,      ICollloda  family;  UO  Cilia  COUld  1)0 

was  veiT  evident.    The  yarious  stages  in  the  life  liistory  of 


FIGS.LXX  LXXV.  DEVELOPMENTS  IN  ORGANIC  SOLUTIONS 


OP  ORGANIC  MATTER  : — MEAT. 


48 


tliese  animalculse  will  be  minutely  described  further  on,  in 
•connection  mth  other  observations. 

At  the  end  of  the  tMrd  month  cilia  were  easily  demon- 
strable. .  The  animalcule  very  closely 
Sree^mo^ths.''*       ^""^  °^    corrcspouds  to  the  Paramecium  KoU 

poda  of  authors, 
(c).    A  portion  of  the  boiled  solution  of  meat  used  at  {b) 
was  placed  in  another  test  tube,  filtered  with  a  perforated  cork, 

in  which  was  introduced  a  piece  of 
samfsoiutLT"'^"''*  ^^"^    glass-tubmg  bcut  a  Kttle  more  than  at 

right  angles;  one  end  was  dipped  into 
the  fluid  in  the  tube,  and  the  other  was  drawn  out  to  a  very 
fine  point,  but  not  perfectly  closed  up.  This  was  devised  with 
the  intention  of  ascertaining  whether  expired  air  would  pro- 
duce any  alteration  in  the  forms  of  life  which  might  subse- 
quently become  manifest  in  the  decoction,  as  a  preliminary  to 
futm'c  exj)eriments  on  organisms  developed  in  crowded  and 
,  _  ^    ,       ^     empty  rooms.  AVith  this  view,  the  test 

The  test  tube  adapted  for     ji  -i        l.^     -i   •  l 

admitting  expired  air.  tuDc  was  breathed  mto  once  or  twice 

daily  for  a  fortnight,  then  set  aside  in 
order  that  a  film  might  have  an  opportunity  of  forming. 

At  the  end  of  three  months  the  cork  and  glass-tubing 
^  ,  were  removed.    A  delicate  film  had 

when  opened  at  the  end  of/?  ii-i  i    -       i  -,  -, 

three  months  lormed,  which  on  bemg  touched  sank 

to  the  bottom  of  the  tube.  The  fluid 
was  clear,  free  from  smell,  and  presented  no  organisms  when 
examined  microscopically.  A  portion  of  the  subsided  film 
was  removed  by  means  of  a  pipette.  It  consisted  of  minute 
molecules  and  filaments  held  together  by  a  slmiy  substance. 

oil-H.e  globules  were  seen     ^^^^^f    ^  f'^  midst  of  theSC  WCrB 

in  the  film,  a  great  number  of  yellow  globules, 

f        ,  ,  .  microscopically   not  distinguishable 

irom  globules  of  oil.  The  appearance  presented  by  the  field 
is  carefully  delineated  at  Figure  Ixxii.  They  were  unaffected 
by  liquor  potassse,  iodine,  and  dilute  acids  for  some  time ; 
eventually,  however,  more  or  less  granular  contents  became 
evident ;  no  organic  connection  could  be  seen  to  exist  between 
the  globides  and  the  filaments,  and  no  animalcule  of  any 
lamily  was  present.  ^ 

A  small  portion  of  the  film  was  placed  upon  a  growing 

a    portion   of    which   was  ""^'^       ch'Op   of    the  SOlutioU  of 

placed  in  a  growing  sude  gi'apc-sugar  and  phosphatc  of  ammo- 
with  grape-sugar.  nia  added  to  it,  so  as  to  ascertain 

eus  or  fbo  c.^rii"      ^.^licther  they  were  spores  of  a  fun- 
gus 01  the    still  condition  of  one  of  the  infusoria. 
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The  particular  growing  slide  used  was  the  one  devised 
by  Dr.  Maddox, — by  far  the  best  cell  with  which  I  am 
acquainted  for  purposes  of  this  kind.  A  strip  of  tinfoil  is 
cut  into  two  0  shaped  pieces,  one  being  larger  than  tlie 
other,  so  that  when  the  smaller  is  placed  upside  doAvn  f\ ,  it 

will  fit  loosely  inside  the  upright  por- 
tion  of  the  other.  These  are  stuck 
in  this  position  on  a  glass  slide  with  a 
little  varnish,  over  which  a  thin  covering  glass  is  so  fixed 
that  the  only  air  or  foreign  matter  which  can  reach  the 
preparation  must  pass  up  the  "  chimney "  thus  formed 
between  the  inner  margin  of  the  larger  strip  of  the  tinfoil 
and  the  outer  one  of  the  smaller,  as  will  be  readily  seen  by 
referring  to  Pigure  Ixxv. 

On  the  tlurd  day  the  globules  were  seen  to  have  increas- 
ed considerably  in  ntunber,  and  on 

Result  of  cultivation.  ,,         •  i  j  i     i  •  j.- 

the  eighth  day  germination  was  ra- 
pidly taldng  place  (Pig.  Ixxiii). 

A  little  gum  water  being  added  caused  the  central  part 
to  become  clear  and  watery,  and  the  protoplasm  to  shrink 
in  the  mycelium  (Eig.  Ixxiv).  Germination  continued  for 
a  few  days  longer,  but  no  more  advanced  stage  could  be 
attained. 

(d).    A  test  tube  containing  the 
Nothing  developed  in  the    watcr  uscd  in  thcsc  observations  was 
water  used.  also  sct  aside,  but  nothing  developed 

in  it. 


Developments  in  more  com- 
plex solutions  of  organic 
matter,  viz.,  normal  alvine 
discharges. 


Illustration  II: — 

About  a  drachm  of  ordinary  fseces  was  dissolved  in  an 

ounce  of  distilled  water  and  filtered, 
a  portion  of  which  was  placed  in  a 
watch-glass  and  boiled  thoroughly;  a 
drop  of  this  was  afterwards  placed  in 
an  ordinary  animalculae  growing  slide, 
both  being  set  aside  under  a  bell-glass. 

On  the  second  day  monads  and  vibriones  were  present 

in  great  numbers  in  both  prepara- 
tions, but  on  the  third  day  they  had 
greatly  diminished  in  number  in  the 
watch-glass,  in  which,  however,  diuing 
the  night  several  young  animalcula; 
belonging  to  the  Kolpoda  family  (as  flgm-ed  at  Ixxx)  had 
made  their  appearance. 


Young  paramecia  develop- 
ed on  the  third  day  in  -watch- 
glass,  which  had  been  pre- 
viously boiled} 
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In  tlie  live-box,  however,  vibriones  only  were  present 
as  before,  some  of  tliem  being  very  long,  but  no  ^olpodse. 
On  the  fourth  day  great  numbers  of  amoeboid  bodies, 
varying  considerably  in  size  (Fig.  Ixxvi,  1),  multiplying 

very  rapidly,  sometimes  by  leaving 
whilst  amoeboid  bodies  ap-  Small  fragments  of  their  substance 
pearedon  the  fourth  day  in    -jjei^nd  (2)  ;  thc  portiou  escapiug  m- 

the  same  solution  placed  in  a  -nnay^  nnn 

clean  animaicuiee  cage.  Variably  fi'om  a  part  ucar  tne  con- 

tractile vesicle,  wliich  vesicle  re- 
mained bright  for  fifteen  seconds,  became  puffed  out  sud- 
denly, as  though  it  had  been  a  taper,  and  remained  extm- 
o«uished  for  the  same  period,  then  gradually  shone  again. 
The  detached  portion  (3)  seemed  not  to  be  merely  disgorged 
food,  for  it  crept  about  the  field  like  its  parent ;  it  also  divided 

into  two,  pretty  symmetrical,  halves, 
structure  of  the  amcebse,    Por  somc  time  after  the  commence- 

cmd  their  mode  of  multiply-     ^^^^    of  divisiou,    the  "  nUclcUs"  is 

only  seen  in  one  half  (4)  after  consider- 
able tugging,  then  coming  together,  then  separating  again, 
each  time  getting  a  little  more  detached,  until  in  the  course  of 
about  two  mmutes  the  separation  is  complete.  Prequently  a 
mass  of  granules  is  seen  to  intervene,  probably  indigestible 
particles,  which  may  adhere  to  either  half  (5),  but  is  soon  cast 
off,  and  gradually  a  contractile  vacuole  is  seen  to  appear  in 
the  second  half,  which  creeping  along  the  field  draws  ^  parti- 
cles into  its  substance,  and  acts  in  every  way  like  its 
parent  (6). 

On  the  fifth  day  the  fluid  in  the  slide  having  somewhat 

evaporated,  a  little  distilled  water  was 
effect  of  adding  ^ddcd,  wheu  Suddenly  the  hitherto 
more  or  less  oval  amoebsB  (I'ig.  Ixxvii,  1) 
commenced  protruding  and  retracting  exceedingly  long  pro- 
cesses ( 2 ) ,  which  action  lasted  three  quarters  of  an  hom*.  They 
then  became  circular  and  still,  except  that  the  vacuole  con- 
tracted (3).  In  another  half -hour  some  of  them  commenced 
to  creep  along  the  field,  disgorge  themselves,  leaving  a  string 

of  granules  to  mark  their  path  (Fig. 

in.ll^^'^rTSllZT''''  1)  ;  otliers  were  observed  in  the 

course  of  another  half -hour  to  become 
circular,  with  a  clear  halo-like  ring  smTounding  them  (2), 
their  contents  being  in  very  active  motion,  reminding  one 
exceedingly  of  corn  in  a  miller's  hopper.  This  lasted  for  twenty 
minutes,  when  suddenly  all  movements  ceased ;  thc  halo  and 


Curious 
water. 
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,  vacuole  disappeared,  its  outline  became 

th^t^2l°J.'"'^"^°'"'^'^°^°'    irregular  and  undefined  (2,  3) ;  finally, 

although  the  eye  was  constantlv 
observing  it,  all  trace  disappeared,  and  no  distinction  could 
bo  observed  between  other  molecules  in  the  field.  Tlic  remain- 
ing amoebte  seem  to  have  imdergone  the  same  change,  for 
when  the  eye  Avas  removed  from  the  particular  one  described, 
none  could  be  found,  except  a  few  empty-looking  ones. 
I  have  frequently  observed  exactly  similar  phenomena  occm- 

in  the  so-called  saKvary  corpuscles. 
Similar  phenomena  ob-    No  further  change  occmTcd  in  the 

served  in    salivary  corpus-       -,.  . , " 

cies.  slide,  nor  was  there  a  retm*n  to  the 

former  condition  during  the  succeed- 
ing week. 

In  the  watch-glass  the  animalculse  continued  to  increase 

and  multiply,  but  other  kinds  did  not 
wSgfaif  appear.    The  glass  was  held  over  a 

spirit-lamp  and  the  liquid  boiled,  in 
order  to  see  if  out  of  their  dead  bodies  others  of  the  same 
or  of  another  kind  would  appear ;  but  none  did,  and  at  the 
end  of  a  fortnight  the  experiment  was  brought  to  a  close. 

Illust7''ation  III : — 

The  ordinary  stool,  to  which  allusion  was  made  at  page 

33  as  containing  siich  quantities  of 
Cultivation  of  the  ordinary  auimalculge  in  the  "still"  and 

stool  wliicli   contained  the  .  "■"^u. 

animaicui8e.  activo  couditiou,  was  kept  uudcr  ob- 

servation for  six  weeks. 
A  slide  was  taken  and  two   minute   portions  were 

j)laced  side  by  side,  a   distance  of 

^  Two  preparations  on   one     ^y^^^^  J^g^jf         ^^^^  intervening,  aud 

circular  covering  glasses  aiDplied  of 

the  same  diameter. 

During  the  first,  second,  and  third  days  the  changes 
which  occurred  were  alike  in  the  two  preparations.  Tlie 
oil  globules  gradually  disappeared,  the  circular,  "  still" 
condition  of  the  animalculse  became  at  first  granular,  ceased 
presenting  the  amoeboid  projections,  the  latter  being  fre- 
quently not  retracted,   but  bailed 

imderwent  similax  changes  ^^^^  ^^-^i^^  ^^^^^^  ^1^^  ^^1^^^^  , 

the  general  appearance  of  the  altered 
slide  being  represented  at  Pigure  Ixiii,  the  earlier  condition 
havuig  already  been  described,  and  is  figured  at  Ixii. 
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The  movements  of  the  active  little  entozoon  became  more 
and  more  sluggish;  at  the  same  time  it  became  granular 
and  circular,  and  finally  disappeared  altogether,  probably 
passing  into  the  "still"  condition,  which  also  gradually 
disappeared.  The  two  preparations  now  assumed  ditferent 
appearances. 

(a).    On  the  fifth  day  some  fungi  were  seen  to  develop 

in  one  of  the  pre]3arations,  which  may 
thefiftuday.  designated— « ;  long  filaments  of 

oidium  lactis,  as  figiu'ed  at  xxiii,  commenced  spreading  over 

the  entire  preparation,  and  in  the 
Filaments  of  oidium  lactis    ^^^\^  of  the  molccules  (which  had 

appeared  m  one,  ,  ,  .         ^  . 

also  undergone  various  stages,  as 
already  described  in  the  first  illustration)  little  "  heaps"  were 
forming  of  precisely  the  same  microscopical  characters  as  are 

given  at  page  40  and  other  places, 
together  with  the  uttie  Qu  the  sixth  day  a  fcw  moleculcs  in 
;S;Casteurappeatd°'   the  miclst  of  the  heap  had  increas- 

ed  in  size,  and  on  the  eighth  day 
nearly  every  heap  was  covered  with  yeast  cells,  in  conjunc- 
tion with  very  minute  anguillulEe  (?)  (iFig.  Ixxix). 

The  oidium  lactis  disappeared  entkely  in  the  com'se  of 

a  few  days,  but  no  other  changes 

No  further  changes.  ^     i       i  <?  j  i  j   j  i  i 

took  place  lor  a  month,  except  that 
the  yeast  cells  degenerated  also. 

{ h).    The    portion    under  the    other  covering  glass 

showed  no  evidence  of  fungal  de- 
taTnednoTra?roTSf°°""    vclopment,  uor  yet  yeast   cells  or 

anguillulEe.  On  the  sixth  day  ac- 
cumulations of  perfectly  motionless  molecules  had  formed, 
especially  near  the  edge  of  the  glass,  each  heap  possessing, 
as  usual,  a  kind  of  central  kernel  with  a  more  or  less  proto- 
plasmic appearance;  the  molecules  forming  the  peripheral 
,    ,  part  of  the   heap  being  quite  as 

Molecular  aggregation  oc-     „  j.'  xi  i       i  i  i 

eurred  on  sixth  day.  activc  as  the  moleculcs  clsewhcre. 

On  the  seventh  day  these  heaps  were 
crowded  with  cells  of  all  sizes.  Some  of  the  molecules  were 
larger  than  formerly;  the  greater  number  of   the  cells, 

however,  were  from  about  the  size  of  a 

on  which  corpuscular  bodies       „  i  x.i      \  ^     i.     e        j  •  /,  , 

appeared  next  day.  IGCl  blOOd-COrpUSCle  to  foUT  timCS  that 

size ;  the  contents  of  the  larger  ones 
being  more  distinctly  molecular  than  that  of  the  smaller, 
otliorwisc  no  difference  could  be  established  between  them. 
It  IS,  however,  particularly  to  be  noted  that  the  steps  from 
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the  niiimte  molecules  to  tlic  smaller  sized  corpuscles  wore  hy 
no  means  so  gradual ;  it  did  not  appear  as  if  a  sufficient 

number  of  molecules  of  the  interven- 
A  gap  seems  to  exist  be-    mg  gradcs  cxistcd  to  cuaLle  one  to 

tween  the  diamater  of  mole-     „„„    ii.„A     i.i.„     1„  „      ^  i 

cuies  and  the  smauer  corpus-  ^ay  that  the  large  corpusclc  was 
oles,  simply  a  developed  molecule.  On 

many  occasions  great  pains  were  taken 
in  order  to  try  and  settle  this  question,  but  each  time,  althougli 
after  the  formation  of  heaps  molecules  have  been  seen  to 
become,  so  to  speak,  swollen,  suddenly  little  corpuscles  ap- 
peared with  undefined  outhne  twice  or  three  times  the  size 
of  the  molecules,  and  in  a  few  hours  the  field  is  crowded 

with  animalculae.  The  difiiculty  of 
Almost  simultaneous  ap-    ascertaining  this  point  is  due  to  the 

pearance  of  the  corpuscles  i  •  i    ±-i  i 

and  the  animalcules.  suddenness  With  which  thcsc  cliangcs 

take  place.  After  watching  a  certain 
little  heap  for  several  hom's  without  any  appreciable  alteration 
having  occmT?ed,  the  eye  becoming  tned,  it  is  allowed  to  stand 
unobserved  for  an  hom'  or  two.  On  retm^ning,  probably  every- 
thing is  changed;  either  the  particular  heap  watched- has  be- 
come altered,  or  some  other  heap  in  the  preparation  has  been 
more  advanced  and  discharged  the  elements  of  life  which 
it  contained,  and  these  animalculse  rushing   about  the 

field  knock  the  watched  little  heap 
The  great  difficulty  of  foi-  disturbinsf  its  entii'c  geography. 

lowing  out  these  changes.  " ,  .  ' .  .     -P      ^     ,  i  •  vi 

This  IS  precisely  what  occiuTed  m  the 
preparation  now  under  notice.  It  had  been  watched  all  day 
in  order  to  ascertain  whether  the  swollen  molecules  would 
swell  still  more  in  the  com-se  of  the  day,  but  they  did  not,  or 
(2)  whether  some  of  them  would  coalesce  and  form  one 
ovum,  as  believed  by  Dr.  Bennett ;  neither  did  I  see  this, 
nor  could  I  learn  that  the  half  slimy-lookmg  kernel  sm-- 
rounded  by  molecules  had  acquired  a  clear  "nucleus"  and 
formed  one  body,  as  advocated  by  Pouchet,  for  no  appreciable 
change  occm-red  during  those  twelve  hours.  But  when 
examined  on  the  next  morning,  twelve  hours  after,  a  great 
number  of  corpuscles  or  cysts  were  present  in  the  midst 
of  these  "heaps,"  and  several,  what  seemed  to  be  young 
paramecia,  rushed  about  in  all  directions  (Fig.  Ixxx).  What- 
ever it  was  that  had  taken  place,  it  did  not  seem  to  me 
that  one  heap  had  given  rise  to  only  one  cyst,  because  three, 

four,  or  more  of  various  sizes  would 

One "  heap"  appears  to  give  SCCU    On     the    SUrfaCC,    Or  wliat 

rise  to  more  than  one  cell.       seemed  to  bo  the  surfacc  of  a  heap  (1). 
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T  tun  ignorant  as  to  what  occurred  between  the  stage  of 

molecular  aggregation  and  the  de- 

oMi^l''L\mIv?cufa''°^°^°'^''*    vclopmeiit  of  tlic  smaUcr  sized  cysts.  , 

A  few  of  the  after  changes,  liowever, 
\M're  more  easily  followed.    A  slow  rolling  kind  of  motion 

commences  in  the  mass  of  granules, 
Movements  of  molecules  in    in  the  midst  of  wliich  a  clcar  space 
lnL°o?;acuo?e'''"'' 01'  vacuolc  bccomes  more  and  more 

distinct  (2),  at  first  non-contractile, 
then  it  suddenly  goes  out  and  does  not  return  for  two  or 
three  minutes ;  gradually  these  intervals  become  shortened : 
contraction  and  dilatation  occurred  pretty  regularly  at  inter- 
vals of  15  seconds.  In  a  few  hours 
sZslila^::^:'"    it  commences  to  spin  like  a  top  mth- 

out  in  the  least  altering  its  position. 
Then  it  stops,  its  nucleus  becomes  extinguished,  and  tlie  body 
appears  pretty  much  as  it  did  at  first.  After  a  shorter  or 
longer  period  the  action  recommences,  and  eventually  it 
becomes  elongated,  gets  out  of  the  heap  into  the  fluid,  and 
rushes  about  as  if  locomotion  were  nothing  new  to  it.   No  cilia 

can  be  seen,  nor  any  trace  of  nucleus, 

Contents  escape  as  a  non-  i.       xm  •  i  ,  ,i 

ciliated  infusorium;  mcrcly  a  coutractile  vesicle  at  the 

broader  posterior  end,  with  granules 
and  molecules  imiversally  distributed  (3).  In  those  parts 
of  the  field  where  the  fluid  is  rather  thick,  it  creeps  along 
something  after  the  manner  of  an  amoeba  (4)  .  On  the  next 
day,  the  eighth,  several  were  seen  to  move  very  slowly 
and  to  become  circular  and  still.  They  became  sim-oimded 
by  a  clear  hyaline  capsule,  and  the  Vacuole  again  disap- 
^  peared.    A  few  hours  after  this  the 

after  a  time  it  becomes  en-     ij  i  i  ;    n  j  i  , 

cystod.  neld  presented  the  appearance  shown 

at  Kgure  Ixxxi.  Some  were  perfectly 
still,  and  had  no  contractile  vacuole;  in  others  the 
molecidar  contents  showed  active  movements,  with  or 
\vithout  a  vacuole ;  in  some  two  vacuoles  were  visible,  not 
Movements  of  molecules  ^^^tractiug  Simultaneously,  and  in 
rocoiumenced.  sucii  cascs  there  seemed  to  be  two 

centres  of  movement — two  irregular 
massps  seemed  to  move  within  the  cyst.  The  evidence  of 
division  was  frequently  more  marked,  a  regular  line  of 
separation  existing,  and  in  others  two  oval  bodies  are  seen 
to  revolve  withm  the  capsule.  In  the  di-awing  the  remains  of 
two  cysts  are  also  evident.  In  order  to  know  exactly 
llic  plienomcna  associated  Avith  the  escape  of  the  animalcula) 
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the  pair  dolineated  at  Eigiu'e  Ixxxii,  1  were  selected  and  con- 
tinuously watched. 

A  rolling  movement  commenced  among  the  molecules 
rpv,»  *  .     of  the  smaller  one,  which  increased, 

The  escape  out  of  the  cyst.  x-tiij  ■>  -,       ■,  •? 

until  at  last  each  molecule  seemed 
to  dance  past  the  other.  The  vacuole  went  and  came 
rapidly,  lasting   about   six   seconds,  and  in   the  course 

of  another  six  seconds  returned,  then 
foUowedS^uSLr<rfT8?^    became    perfectly   still;  movement 

recommenced  and  stopped  in  the 
same  way.  Thus  it  acted  for  some  time ;  each  time,  however, 
the  outline  of  the  contents  became  more  evident,  and  the  cyst 
became  more  and  more  distended,  finally  ruptured  (2),  and  the 
body  rolled  out.   It  was  evidently  not  yet  free,  and  its  outline 

was  indistinct.  Very  active  move- 
ciSedTnair''''^"'^        mcuts  wcrc  uow  sct  up,  pscudopoda 

pushed  out  in  every  direction,  and  it 
was  seen  to  be  still  surrounded  by  a  very  delicate  sac.  By  con- 
tinually turning  itself  about,  this  film  became  much  distended, 
and  so  transparent  that  its  form  was  distinctly  visible  (3 ).  At 

last  the  pellicle  became  so  attenuated 

■which  after  a  time  gives  that  it  CSCapcd  without  trOublc  (4). 
way,  and  the  animalcule  is     r^^^  ^^^^  takcS  pkcC  whcU  the 

animalcule  has  divided  into  two  or  fom*. 

In  the  encysting  process  which  follows,  the  cysts  seem 

to  become  thicker,  and  a  little  fluid  is 
The  encysting  process  re-    frequently  secu  betwccn  the  inner 

peated  many  times;  segmen-  lining  of  the  CVSt  and  the  dcHcatC  SaC* 
tation  into  two  or  four  may        i  •  i  j  '  „„,%-„nl-,nlQ 

or  may  not  take  place  during  which  surroimds  the  ammalcule. 
each  encysting  process.         ^Frequently  such  cysts  are   seen  to 

have  become  ruptm'ed  some  time  be- 
fore the  escape  of  the  contents  (Pig.  Ixxxiii,  1),  and  it  not 
seldom  happens  that  the  latter  after  its  escape  does  not 
rupture  the  thin  inner  capsule  (2),  but  remains  perfectly  quiet 
for  two  or  three  hours.  Old  cysts  persist  for  some  days  after 
being  forsaken  by  the  infusoria  (3),  and  not  infrequently  the 
latter  has  left  a  few  granules  to  mark  its  former  abode  (4) ; 
two  or  three  may  also  develop  in  these  thicker  kinds  of  cysts. 
The  size  of  the  cyst  bears  no  positive  relation  to  the  number 
of  bodies  it  may  contain;  a  comparatively  small  cyst  may 
contain  foiu:  embryos,  allowing  of  active  movements,  as 
existed  in  the  one  delineated  at  5.   

*  This,  according  to  some  writers,  is  the  "  cyst,"  outside  which  is  the  "  ceU,"  sur- 
rounded by  the  hyjJiue  gchitinous  "  vGil,"--{schhier.) 
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At  the  Olid  of  a  month  numhers  were  seen  distinctly 

ciliated ;  a  nucleus  became  developed, 
111  the  course  of  a  month       y^QH  as  a  contractilc  vacuolc,  and 

cilia  and  a  nucleus  evident.  ,  j   i  t  n     t        j.  j.i 

a  current  was  established  at  the 
anterior  portion  of  its  body,  so  that  particles  were  drawn 
towards  it  (G).. 


Illustration  IV: — 

The  fresh  dejection  of  a  cholera  patient  was  examined 

almost  immediately.    The  sediment 

^Developments   in   cholera  ^^^^^       j^^  COmpOSCd  of  a  sHmy 

substance  dotted  with  granules  and 
molecules,  intermixed  with  a  great  number  of  more  or  less 
circalar  bodies,  some  hyaline,  some  granular,  many  of  which, 
appeared  to  me  to  be  the  still  condition  of  animalculse,  as 
already  alluded  to,  together  with  several  euglena-like  bodies, 

disporting  themselves  in  the  more 

Its  early  condition,  n    •^  j.       n    ji       h  t  i         a  j?i 

nuid  part  oi  the  field.  A  careiul 
sketch  of  these  objects  is  given  at  Eigure  Ixxxiv.  There  were 
plenty  of  monads  and  bacteria  in  the  field,  but  the  vibriones 
were  exceedingly  small  and  short. 

A  solution  of  carmine  in  glycerine  after  prolonged  action 
irffl,„f„f =„i  seemed   to  stain  everything  in  the 

ETOct  Of  carmine  solution.       n  t  -i  i     11  jj  i 

held  to  the  same  extent ;  the  varying 
density  of  the  colour  seemed  to  depend  entirely  on  the  thick- 
ness of  the  layer ;  that  is,  a  larger  amount  of  colouring  matter 
was  present  when  the  layer  was  thick  (Fig.  Ixxxv). 

CaJ    A  minute  quantity  of  this  stool  was  placed  in  the 

Maddox  growing  slide  a] ready  des- 

Evacuation     placed      in         ^^     ^     t\     •       ±t      12    j.  i.         i  .1 

growing  slide.  cribcd.  During  the  first  two  days  the 

objects  became  more  and  more  dis- 
integrated, until  on  the  thicd  day  not  a  trace  existed  of  the 
circular  bodies  and  animalculas  previously  existing. 

On  the  fourth  day  a  few  creamy-looking  spots  were  seen  at 
tlie  edge  of  the  preparation,  consisting  of  innumerable  mole- 
cules (monads)  manifesting  very  great  activity,  together 
with  some  short  vibriones. 

This  condition  had  increased  greatly  by  the  next  day, 

the  creamy   appearance  having  ex- 
Disnppoaranoe  of  the  cor-    tended  to  the  entire  margin  of  tlie 

puscles,  &o.,  and  formation  of     ii    •  i     j.      1.1  1      ,    •    t  ^,    •,  V 

a  white  margin  by  the  fifth    nuiQ,  to  tlic  cxtcut  indicated  by  the 

dark  outline  of  the  prcpa,ration  iii  the 
figure  of  the  Maddox  slide  at  Ixxv. 
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In  the  midst  of  tlicse  molociiles  little  heaps  were  seen 
to  fonn,  in  which   no  motion  was   evident,  nor  yet  any 
definite  structure,   but  amorphous  granules,  around  whvah, 
and  above  and  below,  myriads  of  monads  and  short  vil)riones 
,  , .      played.    Some  slight   distance  from 

NatiU'O    of    this     white     Ji  •  °  t 

margin.  fhc  margm  an  opaque  Imc,  consist- 

ing of  unusually  active  monads,  was 
seen  separating  the  creamy  ring  into  an  inner  and  outer 
portion,  but  no  distinction  could  be  observed  between  the 
appearance  of  the  molecules  of  one  side  from  'that  of  the 
other,  except  that  in  the  outer  the  heaps  were  more  jjlentiful. 

The  monads,  &c.,  in  the  central  clear  space  liad  become 
perfectly  still,  and  no  heaps  had  formed  amongst  them; 
towards  evening  the  line  seemed  to  have  spread  on  either 
side,  as  the  whole  creamy  ring  became  as  thickly  studded 
with  molecules — consequently  opaque — as  the  narroAV  luie 
was  in  the  morning.  The  ckcular  cells  seem  to  haA^e  dis- 
appeared altogether. 

On  the  sixth  day  not  a  single  molecule  quivered.  The 
creaminess  of  the  margin  had  slightly  diminished,  but  the 
"heaps"  were  still  present,  rather  more  slimy-lookuig,  not 

so  regularly  circular,  but  frequently 
«heS)t"'^niarS?d.  elongated  and  straggling.    The  dia- 

meter of  some  of  the  molecules  in 
contact  with  the  mass  had  increased. 

A  mycelial  filament  was  now  seen  to  insinuate  itself 
from  without  into  the  preparation,  having  crept  up  the 

"  chunncy"  of  the  growmg  slide,  and 

but  a  fungus  crept  in  and     xi-Pi-i         i       ^  i.  •  li. 

spoilt  the  preparation.  tbe  further  dcvclopmcnt  m  or  about 

the  heaps  came  to  a  stand-still, 
although  watched  for  a  month.  The  mycelium  sj)read  in 
every  du'ection,  and  gave  rise  to  yeast  cells. 

(hj.    A  similar  slide  containing  a  drop  of  this  stool,  to 

which  a  little  of  the  growing  solution 
Slide  prepared  as  last  with    of  crrapc-suffar  and  phosiDliatcs  "\^■as 

addition  of  cultivating  fluid        ,  ^        x        ,  j i   '        ^    l^  i_ 

developed  peniciiuum.  added,  wcut  thi'ough  tlic  samc  stages 

as  the  foregoing,  and  developed  into 
penicillium,  as  in  Figure  xix,  2. 

(^gJ.    a  portion  of  the  same  preparation  without  a  cover- 
ing glass  was  preserved  in  a  moist 
o.^^^vSSf""'*^"    chamber.    On  the  thml  day  a  white 

speck  Avas  seen  in  the  surface  consist- 
ing of  innumerable  "yeast"  cells  (Fig.  Ixxxvi),  Avith  some 
nhnnents  branch  in    in  all  directions.    On  the  fourth  daA' 
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lid'ts  of  pcuiciUium  had  developed — two  varieties  (Fig. 
Ixxxviii) — P.  Glaucum  (1),  and  P.  Viride  (2).  This  continued 
until  the  ninth  day,  ivhen  a  few  of  the  filaments  springing  up 
in  the  midst  of  the  penicilUum  were  tipped  with  a  dewdrop- 
like  dilatation  excessively  delicate — a  mere  distended  pellicle. 
In  some  cases  they  seemed  to  be  derived  from  the  same 
filament  as  others  bearing  the  ordinary  brandling  spores  of 

penicilUum,  but  of  this  I  could  not 

produced  peniciUium  asso-  \yQ  pOsitivC.  TMs  Idud  of  frUCtifica- 
ciated  witliamucor-lakeforni      i»         •  i  .  , 

of  fructiflcation.  tiou  mcrcased  rapidly,  and  on  the 

fom-teenth  day  spores  had  undoubtedly 
developed  witliin  the  pellicle  (Pig.  Ixxxvii),  just  as  had  been 
observed  in  a  previous  cultivation  (page  13),  precisely  similar 
revolving  movements  being  also  manifested.    The  reaction 

Acid  reaction  Of  preparation.     «f.  ^^l^^^  Portion  in  the  CcU  WaS 

Slightly  acid,  and  became  very  much 
more  so  in  the  com-se  of  a  month.  No  farther  change  took 
place,  except  that  the  capsules  became  rather  thicker,  but 
never  so  resistent  as  to  withstand  the  action  of  a  drop  of 
water,  spores  being  instantaneously  set  free  by  it. 

In  not  a  few  cases  a  chain  of  spores,  or  sometimes  delicate 
filaments,  seemed  to  escape  from  these  cysts,  as  if  the  spores 
within  had  germinated ;  which  indeed  must  have  been  the  case, 

unless  they  had  fallen  from  a  fnff-  r,f 

Seeming  germination  of  the  •  -it  i     :r'"^'"^\  ^^^^  01 

enclosed  sporuies.  penicillium  and  adhered  to  the  capsule. 

In  other  cases  dilatations  (macro- 
conidia)  appeared  in  the  filaments,  and  even  from  these  a 
chain  of  spores  was  occasionally  seen  (Pig.  Ixxxix).* 

f  d.J    A  smaU  portion  of  the  evacuation  was  placed 
on  an  ordinary  sKde  with  a  covering  glass.     It  went 
through  the  same  process  as  was  described  in  connec 
tion  mth  Maddox's  sHde  {a),  and  eventually  yeast  cells  were 
produced  as  at  Figure  Ixxxvi,  but  nothing  fm-ther. 

(e.)    A  similar  slide  placed  in  the  same  moist  chamber 

.presented  similar  changes  as  the  fore- 

A  preparation  like  the  fore.     p«nmo>  fni'  flT.c.+  ^          i  J-wic 

going     placed     apparently  ™^  lO^^l'  d^ys.     It  WaS 

under  the  same  conditions         Hot  CXammcd  OU  the  fifth,  but  whoU 

.       -  ^  ^ .  placed  under  the  miscroscope  on  tlie 

sixth  day,  representatives  of  the  Jcolpoda  family,  both  active 

advocated  by  tl.,.,  „.yoologist  of  a  goueric  conu.iou  b«t' oen  .tl'lli'L"::,,:"  """^ 
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^    ^  and  encysted,  Jiad  made  their  appcar- 

produced  young  paramecia.  .  ,  y/  .u-i 

ance  in  great  abundance ;  the  various 
stages  in  their  subsequent  development  cori'esponding  ])re- 
ciscly  with  what  has  ah^eady  been  described  in  connection 
with  experiments  on  ordinary  excreta. 

Serous  fluid,  blood,  and  mine,  from  persons  afTccted 

with  cholera,  as  well  as  from  other 
J^:i^'Z..tJ::t''''^    persons,  have  been  in  like  manner 

subjected  to  systematic  and  con- 
tinuous observations,  the  air  in  some  of  the  experiments 
having  been  made  to  pass  through  a  red-hot  tube  before 

its  entrance  into  the   chamber  in 
In  some  oases  the  admitted    -^iiich  substanccs  Under  examination 

air  had  first  to  pass  through  i        i  Tj.ii-r> 

a  heated  tube.  had  been  placed,_  as  adopted  by  Pro- 

fessor Tyndall,  in  order  to  destroy 
the  minute  atonies  of  organic  matter  which,  according 
to  this  gentleman's  researches,  will  pass  through  sulphuric 
acid  or  caustic  potash  undestroyed.  The  particulars  of 
these  observations  are  reserved  for  the  present,  the  results 

being  such  that  no  benefit  could  be  at- 
statement  of  results  post-    Gained  by  giving  them  in  detail.    It  is 

nevertheless  hoped  that  the  foregoing 
illustrations  will  sufiaciently  explain  the  methods  adopted  in 
investigating  the  subject  of  this  section.  The  description  of 
the  changes  which  occurred  during  the  cultivations  has  been 
condensed  as  much  as  possible  ;  more  so  than  would  be  allow- 
able, were  they  intended  to  establish  any  particular  fact. 
A  not  unimportant  lesson  is,  however,  conveyed  by 

even  the  comparatively  few  experi- 

Lessonto  be  derived  from  j^g^^ts  wMch  liave  bceU  COuducted, 
the  last  series  of  illustrations.  Ji     i     -  ^fi  +l,r.-.-. 

namely,  that,  m  spite  of  more  than 
ordinary  care,  very  diflFerent  forms  of  life  will  make  their 
appearance  in  substances  which  are  derived  from  the  same 
source  under  conditions  which  seem  to  be  identical,  and  that 
too  in  very  simple  mixtures.  Consequently,  the  greatest 
caution  must  be  exercised  in  estimating  the  importance 
or  otherwise  of  any  peculiar  manifestations  of  vitahty  which 
may  be  observed  in  substances  associated  with  disease.  _ 

The  results  of  the  investigations 

Summary    of   conclusions  .       •i-      „^,,^„4.    „,„Tr  1->q 

drawn  from  au  the  observa-  referred  to  lu  this  report  may  be 
tioj^s-  thus  summarised : — 

1.    That  no   "cysts"   exist  in  choleraic  dischnrgcs 

which  are  not  found  under  other 

conditions; 
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2  That  cysts  or  "sporangia"  of  fungi  are  but  very 

rarely  found  under  any  circumstances 
sporangia.  ^^^-^^  discharges ; 

3  That  no  special  fungus  has  been  developed  in 

cholera    stools,    the   fungus  dcs- 
speciai  fungus.  cribed  by   Hallier  being  certainly 

not  confined  to  such  stools; 

4.  That  the  still  and  active  conditions  of  the  observed 

animalculse  are  not  peculiar  to  this 
Animalculee.  discasc,  but  may  be  developed  in 

nitrogenous  material  even  outside  the  body  ; 

5.  That  the  flakes  and  corpuscles  in  rice-water  stools 
do  not  consist  of  epithelium,  nor  of  its  debris,  but  that 
theii'  formation  appears  to  depend  upon  the  effusion  of  blood- 
plasma;  and  that  the  "peculiar  bodies"  of  Parkes  found 

therewith  correspond    very  closely 
The  floccuient  deposit,  and   in  their  microscopic  and  chemical 
Parkes'  "  peculiar  corpus-    characters,  as  wcll  as  in  then-  mani- 

cles"  not  composed  of  epi-      „     ,    ,.  „  -i-i        j.  xi 

tueuum.  festations  of  vitahty,  to  the  corpus- 

cles which  are  known  to  form  in 
such  fluid ;  these  are  generally,  to  a  greater  or  less  degree, 
associated  with  blood-cells,  even  when  the  presence  of  such  is 
not  suspected,  especially  as  the  disease  tends  towards  a  fatal 
termination,  when  the  latter  have  been  frequently  seen  to 
replace  the  former  altogether ;  and 

6.  That  no  sufficient  evidence  exists  for  considering 
that  vibriones,  and  such  like  organisms,  prevail  to  a  greater 
extent  in  the  discharges  from  persons  affected  with  cholera, 

than  in  the  discharges  of  other  per- 
The  appearance  and  amount    SOnS,  diseased  or  healthy;  but  that 
of  vibriones,  &c^  not  excep-    ^j^^  vibrioncs,  bactciia,  and  monads 

tional,  but  may  be  so  in  their  .  '  '  , 

nature.  (micrococcus)  may  not  be  peculiar 

in  their  nature,  for  these  do  vary, 
may  not  be  the  product  of  a  peculiar  combination  of  cir- 
cumstances, and  able  to  give  origin  to  peculiar  phenomena 
in  a  predisposed  person,  is  "  not  proven." 

In  bringing  this  part  of  the  report  to  a  close,  I  wish 

to  express   my    sincere   thanks  to 

Conclusion  of  Part  I.  -r\      t  \       nr  -r  i.        /~^  ^ 

Dr.  John  Murray,  inspector  General 
of  Hospitals,  Indian  Medical  Department,  who  has,  Aveck 
by  week,  watched  the  progress  of  these  experiments,  and 
given  such  practical  advice  and  assistance  as  liis  long 
study  of  the  subject  peculiarly  enables  him  to  do.  I  also 
desire  to  tender  my  thanks  to  Dr.  Brougham  of  the  Presi- 


50 


SUMMAKY  yVND  CONCLUSIOX  OF  VWVV  T. 


(loncy  General  Hospital,  and  to  Dr.  Baillic  of  the  Cliandncy 
Hospital  for  tlie  facilities  wliieli  were  placed  at  my  dis- 
posal for  obtaining  tlie  matS'iel  requisite  for  these  examina- 
tions ;  as  well  as  to  Dr.  Norman  Chevers,  Principal  of 
the  Medical  College,  for  permission  to  make  use  of  his 
private  library,  as  well  as  the  library  attaclied  to  the  Colh^ge. 


PART  II. 


RKMARKS  REGARDING  THE  SOIL,  &C.,  OF  CERTAIN  PL4CES  IN  BELATION  TO 
pettenkofer's  THEORY  OF  THE  CONNECTION  OF  CHOLERA  WITH  THE 
VARIATION  IN  THE  LEVEL  OP  THE  SUBSOIL  WATER. 

Seeing  that  Professor  Pettenkofer's  observations  extend  over 
a  period  of  16  years,  during  which  constant  observations 
have  been  taken  by  him  of  the  water-level  in  various  parts 
of  Munich  and  elsewhere,  it  will  be  at  once  evident  that  the 
short  period  which  has  elapsed  since  the  commencement  of 
this  investigation  in  India  cannot  enable  one  to  have  formed 
but  most  indefinite  conclusions  on  the  subject.  Accustomed 
as  the  Bavarian  Health  Officer  has  been  for  many  years  to 
much  deep  thinking  on  the  subject,  it  is  frequently  difficult 
for  less  trained  intellects  to  follow  his  exact  meaning  on 
all  points,  as  the  theory  is  by  no  means  so  simple  *that 
"  he  who  runs  may  read." 

During  the  last  year  a  work*  was  issued  by  him  em- 
bodying the  result  of  the  labours  of  previous  years,  in 
which  the  views  already  advanced  are  maintained  with  even 
a  greater  conviction  of  their  truth  than  before. 

The  main  points  in  the  theory  are— (1)  there  exists 

The  principal  features  in     ^  SPfpific  cholcra  poisOU,    which  (2) 

Pettenkofer's  theory.  rcacning  the  soil  undcrgocs  various 

stages  of  development,  providing  (S) 
that  a  certam  amount  of  moisture  is  present ;  (4)  should 
the  ground  not  possess  the  requisite  amount  of  moisture 
be  either  too  dry  or  too  wet  when  the  poison  is  placed 
therein,  the  latter  will  retain  its  vigour  until  the  requisite 
conditions  return;  but  (5)  these  having  returned,  it  does 
not  follow  that  an  epidemic  will  forthwith  break  out,  unless 
(6)  certam  meteorological  conditions  are  present  (the  precise 
nature  of  which  is  unknown),  and  especially  there  must  be 
7)  a  predisposition  to  the  disease  in  persons  coming  wii in 
the  area  m  which  the  poison  is  found.  vvxuum 

*  "  Hndcn  und  Gniiidwnssor  in  ibrcn  Iczioliunirpn       rii,>i„,.        7Z  \ 
V.  I'efctcukuH-r.    Muud.on,  18G9.  '•^^«'ii«"Scn  zn  Cholera  uud  Typhus."    Vou  Max 

H 
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The  reason  why  the  period  wlien  cholera  usually  breaks 

out   iu.  the  Upper  rrovhices  does 
Tho  season  during  which    Hot  corrcspoiid  wltli  the  period  ill 
cholera  is  worst  in  Lower    wliicli  it  is  at  its  height  iu  Calcutta 

Bengal  does  not  correspond  .  t>  i  i  ■ 

with  worst  period  in  the  aud  lu  Lowcr  liciigal  generally, 
Upper  Provinces.  jg^   accordiug   to   Dr.  Pettcnkoicr. 

due  to  the  fact  that  in  the  former 
place  the  ground  for  the  greater  part  of  the  year  is 
too  dry,  there  being  no  rain,  and  the  water  being  com- 
monly many  feet  from  the  surface ;  whereas  in  Lower 
Bengal  when  the  rains  set  in  cholera  ceases — the  ground 
becomes  too  wet.  Cholera  is  worst  in  the  latter  when  the 
water-level  is  at  its  lowest,  namely,  about  April ;  whereas 
in  the  former  cholera  is  at  its  worst  when  the  water-level 
is  rising  or  about  subsiding  (August  and  September),  so 
that,  I  presume,  the  Munich  Professor  would  explain  the 
reason  why  cholera  is  endemic  in  Bengal,  and  only  epidemic 
in  the  Upper  Provinces  by  the  fact  that  the  wet  season  is 

much  shorter  in  its  duration  than 
During  the  rains  it  is  too    the  dry,  conscqucntly  the  conditions 
-wet  for  the  development  of    neccssary  for  thc  development  of  the 
l^L^rtresltTtTo'SfS    poison  occur  only  dm^ing  short  periods, 
the  Upper  Provinces.  whcrcas  the  Same  conditions  affect 

Lower  Bengal  in  a  different  way, 
giving  rise  to  short  periods  of  exemption,  instead  of  the  short 
periods  of  attack,  consequently  the  inhabitants  of  the 
"Ditch"  are  more  exempt  from  cholera  when  it  overflows 
with  water. 

It  must  also  be  borne  in  mind  that  a  local  fall  of  ram 
is  not  in  all  cases  the  only  cause  of  variation  in  the  height 
of  svibsoil  water,  for  an  adjoining  river  may  rise  or  fall, 
irrespective  of  local  conditions,  and  perhaps  give  rise  to  an 
alteration  in  the  amount  of  moistm-e  present  in  the  soil. 
In  a  o-reat  number  of  instances,  however,  the  level  of  the 
water  In  a  Avell  adjoining  a  river  is  considerably  above  that 
of  the  river,  as  a  non-porous,  clayey  layer  may  dip  towards  it. 

thus  confining  the  w^ater  to  its  bed. 
Local  rainfall  not  always  a    Again,  hcavy  faUs  of  rain  on  distant 

true  criterion  of  the  amount     ^^.^^  ^       affcct  the  IcVCl  of  the  Water 

of  soil  moisture.  ^        ^^^^^^^^  ^^^^^^^^^  impcrmeablc 

stratum  extend  from  the  one  to  the  other,  over  which  water 
mi-ht  flow.  These  and  many  other  such  facts  connected 
wifii  the  geology  and  the  topography  of  a  place  must  be 
careful! v  considered  before  any  opinion  can  be  loruicd  oi  thc 
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corroctness  of    the  views  advanced  by  this  distinguished 

Prof'cssoi'.  . 
It  will  he  seen  from  the  foregoing  that  the  poison  is 

considered  not  to  develoj)  in  water, 
The  cholera-germ  does  not    ^A'hicli  is  contrary  to  the  commonly 
Sin^body'^''*^''' received  opinion,  nor  does  it  multiply 
luman  o  y,  appreciable  extent  in  the  intes- 

tinal canal,  the  human  body  being  merely  the  stage  upon 
which  this  actor  plays  its  part.  The  poison  requires  a  special 
nidus  in  which  to  multiply  and  to  develop  into  infecting 

matter.  This  Pettenkofer  traces  to 
but  in  the  soil.  ^-^^  especially  to  alluvial -soil, 

which,  being  so  exceedingly  porous,  allows  free  interchange 
between  the  air  in  its  interstices  and  the  air  above,  as  well 
as  being  subject  to  a  great  variation  in  the  amount  of  water 
which  it  contains. 

Whilst  marking  out  on  a  map  the  places  sufiFering  from 

cholera,  he  was  particularly  struck 

Tendency  of  cholera  to  at-  "VYitll  tllC  predispOsitioU  it  Seemed  to 
tack  ^places  situated  along     ^^^^^^^    fo^,  following    the  natural 

water-courses  of  the  country,  rather 
than  the  usual  routes  of  traffic.  In  the  former,  the  places  of 
attack  were  pretty  regularly  situated,  whilst  along  the  roads 
for  intercommunication,  the  affected  places  show  great  irre- 
gularity, cholera  spreading  only  in  those  parts  in  which 
the  soil  was  of  an  allwdal  nature,  although  quite  as  many 
opportunities  existed  for  the  dissemination  of  the  poison 
by  means  of  intercourse  in  the  places  never  attacked  as  in 
the  less  fortunate  localities. 

The  cholera-germ,  as  described  by  Pettenkofer,  may  be 

defined  as  a  specific  leaven,  requiring 
The  cholera-germ  supposed    earth,  cousistiug  of  orgauic  matter 

to  be  of  the  nature  of  a  fer-  ■■       -, .         • ,  i  ,    •  j  r> 

ment.  and  salts,  with  a  certain  amount  oi 

water  for  its  development  to  infec- 
tious matter,  just  as  other  ferments  require  certain  special 
substrata  and  moisture  before  it  manifests  its  action.  If 
ordinary  leaven  be  added  to  sand  no  action  takes  place ;  if 
it  be  added  to  dry  flour,  it  does  not  spread  beyond  the  imme- 
diate vicinity  in  which  it  was  placed;  but  if  the  flour  be 
moistened  "  the  little  leaven  leaveneth  the  whole." 

The  question  naturally  occurs — By  what  means  does  it 

get  into  the  human  body  after  being 
ZllTi^ToTZlT-"""''    thus  developed  in  the  earth  ?  To  this 

Pettenkofer  replies ;  There  are  two 
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ways  by  wliicli  substances  may  arise  from  tlic  ground,  even 
from  a  great  depth  : — 

water  and  air.  ,  mcans  of  (1)  the  Water,  and 

by  mcans  of  (2)  the  air  contained 

in  its  interstices. 

Numerous  illustrations  may  be  produced  of  the  possi- 
bility of  substances,  perccpti1)lo  to 
Possibility  of  the  air  be-    the  olfactory  ucrvc,  makinff  their  way 

coming  contaminated  by  sub-  i/>  -i       ii  i 

stances  rising  from  below.       upwarcls  iTom  considerai)le  depths, 

such  as  when  a  sewer  bursts,  or  an 
escape  occurs  in  a  gas-pipe.  Prequently  this  fact  is  not 
observed  where  the  mischief  has  taken  place,  but  in  a 
house,  perhaps,  some  distance  from  it,  the  warmth  of  wliich, 
should  it  not  stand  on  an  impervious  layer,  attracts  the 
disengaged  matter  like  a  chimney,  and  the  house  acts  as  an 
escape-pipe  for  a  noxious  gas.  Were  it  ever  conclusively 
shown  tliat  cholera  depended  upon  some  fermenting  process 
taking  place  in  the  ground,  which  had  been  originated  by 
some  of  the  poisonous  material  being  placed  in  a  soU  adapted 
for  its  development,  it  would  follow  that  in  India  large 
substantial  buildings  would  be  safest  by  day,  being  cooler 

than  it  is  without ;  but,  unless  the 
Tendency  of  foul  air  to    flooring  wcrc  made  impcrvious  to 

enter  heated  rooms  with,  per-        .  111^1  i       i>  ii 

meabie  floors.  Jiifj  it  would  DC  thc  most  uniavourabie 

at  night,  being  warmer,  consequently 
the  native's  hut  approximating  more  closely  to  the  tempera- 
ture of  the  air  ought  to  be  more  exempt  from  cholera. 

Although  cholera  is  not  considered  to  acquire  its  pro- 
perty of  infection  by  being  developed 
Water,  a  vehicle  for  the        water,  still  watcr  as  wcll  as  air 

dissemination  of  cholera.  '  i  •  i  •  j.i 

may  act  as  a  vehicle  conveying  tlie 
infectious  matter  from  the  giwnd,  consequently  this  theory 
in  no  way  affects  the  importance  to  be  attached  to  the  value 
of  obtaining  water  from  a  pure  source ;  indeed  it  speaks  very 
strongly  in  favour  of  obtaining  it  from  places  as  far  removed 
as  possible  from  human  habitations. 

Particular  attention  has  been  drawn  to  this  subject 

very  lately*  by  Dr.  Buchanan,  one  of 
Buchanan's  explanation  of    ^hc  scvcral   distinguished  Sanitary 
Pettenkofer's  theory.  Qfficers  whom  Mr.  Simou  has  gather- 

ed around  him  at  the  Public  Ilcalth  Department  of  the 
Privy  Council.  While  allowing  that  there  is  a  connection 
betAveen  the  disease  and  the  level  of  the  water  in  the  wells, 

*  Medical  Times  and  Gazelle,  1870. 


Lithographed  ia  Colors  at  the  Surveyor  GeoetHl's  Oifice.  Calcutta.  August  1S70. 
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said  to  exist  botwccii  tlic  spread  of  cholera  and  tlic  state 
of  the  ground  Avatcr. 

I  now  proceed,  in  as  few  words  as  possil)lc,  to  ^^ivc 
an  account  of  my  visit  to  the  places  affected  with  cholera 
in  tho  Nortli-Wcstcrn  Provinces  during  the  severe  epidemic 
of  last  autumn. 

ALLAHABAD. 

I  arrived  at  Allahabad  towards  tho  end  of  August,  in 
^  ,  accordance  with  the  instructions  I 

Arrival  at  AUanaDad.  ,     ,  .      ,     .         ,  . 

had  received,  m  order  to  accompany 
the  Sanitary  Commissioner  with  the  Government  of  India 
in  his  tour  through  the  cholera  affected  districts,  and  thus 
be  able  to  avail  myself  of  his  advice  and  direction. 

Seeing  that  our  visits  to  the  various  places,  to  be 
hereafter  alluded  to,  were  necessarily  of  short  duration,  it 
was  impossible  for  me  to  obtain  more  than  a  very  super- 
ficial knowledge  of  the  geography  of  a  XDlace  extending 
over  such  a  wide  area  as  Allahabad  does. 

Situated  in'  the  angle  formed  by  the  junction  of  two 

rivers,  the  Ganges  and  Jumna,  it 
Eeiation  of  AUahabad  to  thouglit  not  improbable  that  the 

high  or  low  condition  of  these  rivers 
might  materially  affect  the  level  of  water  in  the  wells,  seeing 
that  many  acres  of  land  are  swamped  during  the  rains, 
the  station  being  almost  surrounded  by  water,  as  a  glance 
at  the  accompanying  map  will  show. 

This,  however,  was   ascertained  by  Dr.  Bow  not  to 

be  the  case,  at  least  as  far  as  the 
The  level  of  tiie  subsoil    Jumua  was  coucemed,  the  water  in 
rarofreTJnaf^^'  the  woUs  being  nearly  30  feet  below 

the  level  of  the  surface  of  the  J  umna. 
The  average  depth  of  the  wells  from  the  surface, 
as  examined  by  Dr.  Chalmers  and  myself,  was  found  to 
be  from  50  to  65  feet.    The  average  variation  in  the  level 
of  the  water  between  the  dry  and  the  wet  season  is  about 

10  feet,  whereas  the  Jumna  varies  to 
Extentof  variation  of  level.    ^^^^  extout  of  30  fcct  or  more  iiiider 

ordinary  circumstances;  nor  does  the  alteration  in  the 
water-level  of  the  one  correspond  with  the  variation  m  the 
other,  and  a  consecutive  fall  of  rain  of  12  inches  wdl  not 
raise  the  level  of  the  water  to  the  extent  of  more  than  one 
or  two;  a  great  portion,  doubtless,  finding  its  way  into  the 
river  before  getting  into  wells,  especially  after  the  hrst 
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I'alls  of  rain,  wlicn  the  ground  does  not  permit  of  such  free 
j)orcolation.  It  cannot,  therefore,  be  said  that  the  amount 
of  subsoil  water  at  Allahabad  is  materially  affected  by_  the 

rivers  which  bound  it  on  either  side  ; 

The  wells  not  affected  by     ^q^,  |3g   g^fg         judi^e  of  thc 

^  extent  of  moisture  present  in  the 

subsoil  by  the  registration  of  the  well  water  alone;  the 
rainfall  must  also  be  taken  into  account,  as  the  latter 

at   Allahabad  appears  to  influence 

Condition  of  soil  chiefly         condition  of  the  soil  more  than 

affected  by  the  rainfall.  ■       i      •  i  i 

the  permanent  subsoil  water. 
The  soil  here  is  of  a  sandy,  clayey  nature,  intermixed 
with  layers  of  kunkur. 

In  the  hot  weather  extensive  fissures  are  to  be  observed 

everywhere  in   the  ground  extend- 
Porous  nature  of  t  e  soi .      .^^^  ^.^  great  depths,  and  exceedingly 

permeable  to  water.  On  subsequent  examination,  it  was 
found,  when  dried  in  the  sun,  to  be  solid  to  the  extent 
of  one-half,  the  other  half  being  interstices  filled  with  air. 

In  order  to  have  a  more  precise  knowledge  of  the 
extent  of  the  porosity  of  the  soil  upon  which  the  various 
barracks  have  been  built,  and  which  are  said  to  vary  in  the 
degree  of  their  liability  to  cholera,  although  in  other  respects 
apparently  as  like  one  another  as  it  is  possible  for  buildings 

to  be,  and  the  sojourners  therein 
b^^x^^ilthaf^trrr    subject  to  precisely  the  same  infla- 

ences  as  regards  food,  clothing,  and 
water,  it  was  thought  that  perhaps  some  clue  could  be  ob- 
tained by  ascertaining  the  extent  to  which  the  soil  beneath 
the  buildings  was  permeable  to  the  air  below.  General 
Travers,  v.c,  immediately  permitted  samples  of  this  soil 
to  be  obtained,  which  on  my  return  to  Calcutta  were  sub- 
jected to  the  following  treatment : — A  little  of  it  was  reduced 
to  moderately  fine  powder  in  a  mortar  and  placed  in  the 
sun  until  thoroughly  dry.  In  the  meanwhile,  two  burettes 
were  fixed  on  to  a  stand,  the  lower  portion  or  point  of  one 
being  connected  to  that  of  the  other  by  means  of  a  piece 

of  India-rubber  tubing  supplied  with 
po'Jolufofs^iir''"^"'^'    a  clip,  so  as  to  be  able  at  will  to 

interrupt  the  connection  between 
the  two  tubes.  A  given  quantity  of  soil  (100  cubic  centi- 
meters) was  carefully  placed  in  one  burette,  and  a  similar 
amount  of  ,  water  in  the  other.  The  latter  was  allowcnl 
to  flow  into  the  former,  which,  as  it  ascended  in  the  tube 
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containincp  the  soil,  was  scon  to  diivo  out  the  air  existing 
ill  the  interstiees,  the  amount  of  air  displaced  correspond- 
ing- to  the  amount  of  water  which  entered.  AVhen  the  Avater 
came  up  to  the  upper  edg-e  of  the  soil  in  the  tuhe,  the  con- 
nection between  the  tubes  was  interrupted,  and  the  amount 
of  water  used  read  off. 

As  a  few  of  the  particulars  of  these  observations  may 

Kesuit  of  experiments.  ^J^^  ^'^^  Comparison  when  more 

exact  data  shall  have  been  obtained 
of  the  relative  liability  of  the  barracks  in  question  to 
cholera,  I  append  them  in  a  tabulated  form  : — 


Soil  at  a  depth  of  4  feet  from 


Clydesdale  Lines,  No.  8,  south  end 
„  „       „    8,  nortli  „ 

„  „       „    3,  south  „ 

„    3,  north  „ 

Chatham  Lines,  No.  8 

Ai'tillery  Lines,  No.  2 

Wellington  Lines 

New  Cantonment  Barrack,  No.  3 

Jail... 


Amount  of 
air  contained 
in  100  parts 
by  measure. 


Permanganate  solution 
required  to  give  a 
permanent  tint  to  a 
solution  of  loz.  soil, 
lOozs.  water  requiring 
4  deccmg  of  the  same 
solution. 


50- 

5  deeems 

46-4 

4 

do. 

53-3 

8 

do. 

SO- 

SO- 

S 

decerns 

SO- 

4 

do. 

46-4 

6 

do. 

4.6-4 

4 

do. 

53-3 

5 

do. 

Six  of  the  specimens  were  subjected  to  chemical  exami- 
nation with  the  view  of  ascertaining 
cuemicai  examination  of    ^rj^cther  the  soil  near  the  barracks, 
°     ■  at  or  about  three  feet  from  the  sm-face, 

contained  an  unusual  amount  of  organic  matter  or  not. 
One  ounce  of  soil  was  taken  and  allowed  to  stand  for  twelve 
hours  in  pure  water,  shaking  it  a  few  times  during  this 
interval;  it  was  then  filtered,  and  the  clear  solution  ex- 
amined in  the  manner  usually  adopted  for  the  examination 
of  water. 

The  results  were  pretty  much  the  same  in  all  cases ; 
except  in  those  where  the  soil  had  been  a  "  made"  one, 
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the  amouut  of  lime-salts  varied,  but  I  was  surprised  to  find 
that  the  soluble  organic  matter,  as  estimated  by  a  standard 

solution  of  permanganate  of  potash. 
Amount  of  organic  matter  -^q^  much  excced  the  amount 

in  the  soil  was  not  excessive.  ,     •       ±.^  t   ^ 

present  m  the  ordinary  drmkmg 
water  of  Calcutta  when  estimated  by  the  same  solution. 
(Tbe  exact  relative  amount  of  organic  matter  present  may 
be  ascertained  by  reference  to  the  foregoing  table).  From 
these  observations,  therefore,  I  infer  that  in  the  ground 
beneath  and  about  the  barracks  at  Allahabad,  both  in  the  old 
and  new  cantonments,  the  amount  of  oxidisable  matter 

was  not  in  excess,  at  a  comparatively 
Inference.  ^     sliort  distance  from  the  surface,  at  the 

time  when  cholera  visited  that  station;  consequently  the 
epidemic  could  not  have  been  owing  to  putrefying  matter  in 
the  soil  of  the  cantonments,  unless  such  matter  had  been 
washed  into  the  wells  by  the  rain,  and  thus  infected  nearly 
a  hundred  and  fifty  persons  belonging  to  the  European 
troops  stationed  there.  To  have  produced  this,  the  amount 
of  surface  pollution  present  before  the  rains  set  in  must, 
I  should  imagine,  have  been  very  extensive  indeed. 

It  was  also  thought  desirable  that  a  few  samples  of 

the  earth  should  be  taken  and  moist- 
Microscopic  examination  of    g^g^j  ^,^^1^  water  in  order  to  ascertain 

tzie  soil. 

whether  any  special  form  of  life, 
animal  or  vegetable,  would  make  its  appearance.  I  select 
two  examples.  A  small  portion  of  dry-earth  from  the  new 
cantonment  was  placed  in  a  test  tube,  to  which  a  little  water 
was  added,  sufficient  to  cover  it.  During  the  first  and  second 
days  no  particular  forms  of  life  were  observed,  but  on 

the  third  and  succeeding  days  several 
^^i^^^te  infusoria  had  become  revived/ 
and   presented   exceedingly  active 

movements  (Fig.  xc). 

A  similar  portion  of  soil  from  the  Clydesdale  Lines  was 
treated  in  the  same  way. 

In  it  also  no  particular  objects  were  manifest  for  the 
first  two  or  three  days,  but  towards  the  end  of  a  week,  in 
addition  to  the  objects  delineated  in  the  last  figure,  bodies 
in  the  circular,  still,  and  active  condition — not  in  any  way 

distinguisliable  from  the  animalculge 
In  another  sample  the  ani-    already  dcscribod   as  occurrin"-  in 

malouloo   found  in    ovacua-       i    i       •  i     i. i        ^•     ^  ^^"-^  lu. 

tious  were  plentiful.  cilolcraic  iUiii  otlicr  discJiargcs — were 

seen   to   have    developed  in  great 
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numbers,  some  freely  moving  in  the  fluid,  and  others  im- 
hedded  in  granular  matter  (Eig.  xci).  Nothing  further  Avas 
observed  in  any  of  the  samples,  nor  could  I  detect  any 
evidence  of  the  existence  of  the  ultimate  elements  of  fungi. 
I  also  accompanied  the  Sanitary  Commissioner  to  the 
.  ,  "cholera-camps"  occupied  bv  the  58th 

Visited  the  cholera-camps,     -r^      .         ,       ^       ,  ^ 

iiegiment,  about  fifty  miles  from 
Allahabad,  on  the  Jubbulpore  road ;  and  Dr.  Chalmers,  the 
Deputy  Inspector  General  of  Hospitals,  very  kindly  undertook 

to  show  me  nearly  every  part  of  the 
*^d"sS?o;STvil?el°^      City  and  cantonment.   To  Dr.  Irving 

also  I  am  indebted  for  similar  help. 
These  excursions  were  undertaken  more-  with  the  intention 
of  getting  a  fair  insight  into  the  geography  of  the  place, 
than  of  ascertaining  what  the  exact  sanitary  arrangements 
were, — to  report  upon  which  not  being  the  object  of  my 
visit.  Careful  notes,  however,  have  been  taken  of  what  was 
seen  and  heard  concerning  the  outbreak  of  the  epidemic, 
but  their  narration  would  unnecessarily  prolong  this  rejiort 
and  answer  no  good  purpose.  I  hope,  however,  on  a  future 
occasion  to  turn  what  I  then  learnt  to  account. 

CAWNPORE. 

On  the  way  to  Lucknow,  a  few  days  were  spent  at 
• .  ^  „  Cawnpore.    Compared  to  Allahabad, 

Visit  to  Cawnpore.  ,  ^  •     ji  •  i     i  t 

the  troops  m  this  station  had  suiiered 
very  little.  Dr.  Bryden  states  that  the  admissions  were  27 
and  the  deaths  17. 

The  soil  at  Cawnpore  is  very 
General  nature  of  the  soil.     Hkc  what  it  is  at  Allahabad,  but  Con- 
tains less  kunkur. 
Near  the  artillery  barrack  there  was  more  clay  than 
elsewhere,  but,  as  a  rule,  the  ground  is  very  permeable  to 
water. 

Many  of  the  wells  are  very  much  nearer  the  surface,  water 

being  found  at  five  or  ten  feet,  in- 

thTrfver''''"^*^^^''^^''*'*"'*"  ^^^^      ^^'^^^      at  Allaha- 

bad. Nevertheless,  some  of  the  wells 

examined  were  thirty  feet  below  the  surface.  Such  a  varia- 
tion I  did  not  observe  at  Allahabad.  The  ground  slopes 
towards  the  Ganges :  I  could  not  ascertain  whether  the 
rise  or  fall  in  the  river  affected  the  level  of  the  water  in  the 
station ;  but  when  the  river  rises,  it  swamps  a  largo  portion 
of  the  country  along  its  banks. 
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FIGS.  XC  I    DEVELOPED  IN  MOISTENED  SOIL  from  ALLAHABAD 

  LUCKNOW 

'^^'^  FYZABAD 
'^^^  MEERUT 
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The  cliolcra-canip  of  the  14 th  Hegimcnt  was  pitched 

at  Ehowpore.    Tlie  ground  about  tliia 

Cholera-camp.  ^^^^  ^^^^  g^^^^jy  eyCll  than  at 

Cawnpore,  and  more  permeable  to  water  and  air.  The  re- 
lative degrees  of  permeability  of  this  soil  and  of  the  soil  near 
the  barracks  occupied  by  artillery,  cavalry,  and  infantry 
regiments  are  given  below : — 


Soil  at  a  depth  of  4  feet  from 

Amount  of  air 
coiitainecl  in  100 
parts  by  measure 
of  soil. 

Permanganate  solution 
required  to  give  a  per- 
manent tint  to  a  solu- 
tion of  loz.  soil,  lOozg. 
water  requiring;  4  de- 
cerns of  the  same  solu- 
tion. 

Cholera-camp,  Bhowpore... 

63-3 

6  decoma 

E 

„       Residency  ... 

46*6 

4  ,. 

o 

S"- 

6 

Lines  occupied  by  19th  Huss.irs 

4(50 

4  „ 

03 

o 

„        „     Royal  Artillery 

wa 

4  ,. 

„         „     14th  Regiment 

50-0 

4  „ 

Concerning  the  amount  of  organic  matter  in  the  soil, 

the  same  remarks  will  apply  to  this 

Organic  matter.  i   i«       i.  m  j. 

as  were  made  relative  to  the  sou  at 
Allahabad.  The  soil  from  the  camp  at  Bhowpore  contained 
more  than  any  of  the  others. 

LUCKNOW. 

The  European  troops  at  this  station  suffered  very  severe- 
ly from  cholera,  nearly  a  hundred 
th?troops."'°'*^'"''  deaths  having  taken  place  during  the 

month  of  August,  the  men  who  had 
newly  arrived  from  England,  or  had  only  lately  been  brought 
down  from  the  hills,  contributing  most  largely  to  swell  this 
number. 

Whilst  visiting  the  various  parts  of  this  city,  one  could 

but  note  the  extent  to  which  it  is  in- 
v^'tnisr  ''^    tersected  by  ravines  or  ?^^*^/a/^5,  a  faint 

conception  of  which  may  be  obtained 
by  observing  the  shaded  portion  of  the  accompanying  little 
map,  as  well  as  of  the  .swampy  nature  of  the  surrounding 
country.  Some  of  these  ravines  are  very  deep  and  contained 
filth,  others  contained  water  which  flowed  into  the  Goomteo. 
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Mucli  valuable  infoi'ination  was  oLtainod  from  Dr. 
Sutherland,  the  Sanitary  Commissioner  for  Oude,  concern- 
ing- the  course  of  the  epidemic,  wliich  he  liad'  carefully 
noted  on  the  spot ;  nevertheless,  no  clue  could  be  obtained 
as  to  the  origin  of  the  cause  of  this  mortality,  or  the  mode 
by  wliich  it  spread.  In  some  cases  the  disease  seemed  to  be 
localized  to  a  particular  spot,  but  in  others  no  indication 
of  such  localization  could  be  traced.  As  an  example  of  the 
former,  the  following  will  aptly  serve  : — 

A  man  was  seized  with  cholera  in  a  barrack  on  the 

ground  floor,  and  rapidly  succumbed. 
of'SSSs^^'  The  bed  and  bedding  was  removed 

and  another  replaced,  which  was  oc- 
cupied that  night  by  another  man,  who  was  apparently 
perfectly  well ;  he  also  sickened  and  died  the  same  night ! 
Another :  a  case  occurred  in  the  jail  of  a  man  who  for 
^  .  ,       •  *v  •  -1        ^  Ions  time  previously  was  not  known 

A  single  case  in  tlie  aail.  j.    i  t  •  •  . 

to  have  been  m  communication  with 
a  single  person  from  outside.  His  food  and  drink  were 
precisely  similar  to  the  food  and  drink  of  the  other  prisoners. 
He  was  suddenly  seized  with  cholera,  and  death  resulted  in 
a  very  short  time,  but  the  disease  did  not  spread  in 
the  jail. 

What  was  the  nature  of  the  ground  above  which  these 
persons  lived?  No  difference  could  be  detected  between 
these  and  other  places  in  this  respect.  The  upper  two 
or  three  feet  consisted  of  rubbish,  which  had  been  nsed 
for  "filliug  up;"  then  came  a  layer  of  sandy  soil  from  two 
to  three  feet  deep,  which  was  quite  moist,  below  which 

was  a  thin  stratum  of  yellowish  clay 

Nature  of  tlie  soil.  •       on   •     i^-i      •  i  i  x 

not  sulhciently  impermeable  so  as  to 
be  capable  of  holding  water  for  any  length  of  time,  the 
permanent  water-level  being  about  thirty  feet  from  the 
surface.  This  is  attained  by  digging  through  some  twenty 
feet  of  a  white  sandy  soil.  Speaking  in  general  terms,  this 
description  will  apply  to  the  whole  of  the  soil  upon  which 

LucknOW    stands.       It  contains  con- 
Extent  of  permeability  and    sitierably  more  clay  than  exists  in 

amount  of  organic  matter.  J  J  •^     ■>  ■> 

the  stations  already  described,  and 
was  subsequently  ascertained  to  be  of  a  rather  more  imper- 
meable nature. 

It  contained,  however,  in  most  places  more  organic 
matter,  and  the  specific  gravity  of  its  solution  was  higher. 


Lithographed  m  Colore  at  the  Surveyor  Geueral'a  Office,  Calcutta,  August  1870. 
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Miicli  vakiaLlo  information  was  obtained  from  Dr. 
Sutherland,  the  Sanitary  Commissioner  for  Oudo,  concern- 
ing- tlio  course  of  the  cjiidcmic,  wliich  lie  liad  carefully 
noted  on  the  spot ;  nevorthelcss,  no  clue  could  be  obtained 
as  to  the  origin  of  the  cause  of  this  mortality,  or  the  mode 
by  which  it  spread.  In  some  cases  the  disease  seemed  to  be 
localized  to  a  particular  spot,  but  in  others  no  indication 
of  such  localization  could  be  traced.  As  an  example  of  the 
former,  the  following  will  aptly  serve  : — 

A  man  was  seized  with  cholera  in  a  barrack  on  the 

ground  floor,  and  rapidly  succumbed. 
of'l^'Sis" The  bed  and  bedding  was  removed 

and  another  replaced,  which  was  oc- 
cupied that  night  by  another  man,  Avho  was  apparently 
perfectly  well ;  he  also  sickened  and  died  the  same  night ! 
Another :  a  case  occurred  in  the  jail  of  a  man  who  for 
.  .  ,         ..t,  .  ^  long  time  previously  was  not  known 

A  single  case  m  the  J  ail.  i  •  .,.  ..-i 

to  have  been  m  communication  with 
a  single  person  from  outside.  His  food  and  drink  were 
precisely  similar  to  the  food  and  drink  of  the  other  prisoners. 
He  was  suddenly  seized  with  cholera,  and  death  resulted  in 
a  very  short  time,  but  the  disease  did  not  spread  in 
the  jail. 

What  was  the  nature  of  the  ground  above  which  these 
persons  lived?  No  difference  could  be  detected  between 
these  and  other  places  in  this  respect.  The  upper  two 
or  three  feet  consisted  of  rubbish,  which  had  been  used 
for  "filling  up;"  then  came  a  layer  of  sandy  soil  from  two 
to  three  feet  deep,  which  was  quite  moist,  below  which 

was  a  thin  stratum  of  yellowish  clay 

Nature  of  the  soil.  •       rn   •     it      '  i  i  j. 

not  sumciently  impermeable  so  as  to 
be  capable  of  holding  water  for  any  length  of  tune,  the 
permanent  water-level  being  about  thirty  feet  from  the 
surface.  This  is  attained  by  digging  through  some  twenty 
feet  of  a  white  sandy  soil.  Speaking  in  general  terms,  this 
description  will  apply  to  the  whole  of  the  soil  upon  which 

LucknOW    stands.       It  contains  con- 
Extent  of  permeability  and    sitierably  more  clay  than  exists  in 

amount  of  organic  matter.  -it  ^ 

the  stations  already  described,  and 
was  subsequently  ascertained  to  be  of  a  rather  more  impcr- 
uieable  nature. 

It  contained,  however,  in  most  places  more  organic 
matter,  and  the  specific  gravity  of  its  solution  was  higher. 
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Soil  obtained  from 


No.  i.  Barrack,  occtipiecl  by  Boyal  Artillery 
„  2      „        II  11  » 

„  2      ,1        >i  ).  » 

Hospital  i>  >•  » 

,1  II  »  " 

No.  12  Barraeb,  oecupiod  by  02nd    , .. 
„  12      II  II  ■  II 

,1    2      ,1  II  II 

„    2      II  ,1     byl02na  ... 

II    4      ,1  II  II 

II    0      II  II  II 

„    3,  Married  Quarters,  eth  Lancers 

II    2      I,        II  II 
Jail,  No.  7  building 


Depth. 


Amount  of  air 
contained  in 
1(H)  parts  by 
measure. 


Feet. 

3 
3 
0 
3 
0 
3 
6 
3 
3 
3 
3 
3 
3 
3 
6 


50- 

53-3 

53-3 

53'3 

53-3 

53-3 

50- 

50- 

53-3 

50- 

f)0- 

50- 

466 

50- 

50- 


PormanBanato  solution 
reciiiired  to  ffive  a  per- 
manent tint  to  a  Solu- 
tion of  loA.  soil,  lOo/.s. 
water  requiring  4  ilo- 
cenis  of  the  same  solu- 
tion. 


0  deecma 

10  „ 

10  ,1 

8  „ 

10  „ 

12  I, 

12  „ 

6  „ 

14  II 

6  ,1 

5  „ 


Several  specimens  of  soil  were  examined  microscopi- 
cally, but  nothing  could  be  detected 

Microscopical  exaxnination.  nioistcned  Soil  for  the  &st  twO 

or  three  days,  presenting  unmistakable  evidence  of  vitality. 
Infusorial  animalcules  of  many  kinds  gradually  appeared, 
but  I  could  not  state  that  any  marked  dilferences  existed  in 
the  various  specimens  observed.  A  figure  of  those  which 
revived  in  some  soil,  from  No.  2  married  quarters  of  the 
5th  Lancers,  will  serve  to  illustrate  what  these  were 
(Pig.  xcii). 

In  one  sample,  however,  some  very  interesting  low 
forms  of  life  appeared,  about  which  Mr.  Huxley  and  Hackel 
have  lately  written  so  much.  The  test-  tube  in  which  this 
particular  sample  (from  a  depth  of  six  feet  in  No.  2  barrack, 
occupied  by  lloyal  Artillery)  was  seen  was  fortunately  a 
very  thin  one,  and  permitted  the  use  of  a  high  power  when 
placed  on  the  stage  of  the  microscope.    The  bodies  observed 
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consisted  of  minute  masses  of  translucent,  colourless  jelly, 

without  nucleus  or  contractile  vesicle; 
A  lowform  of  iife.coiTe8-    in  sliort,  not  tlic  slifflitest  evidence 

ponding   to  the  Monera  des-        jy      i.        j.  -  j    -t  «^ » n-ii^m^i^ 

cribed  by  Hackei.  01  structurc  cxistcd.    Tlicii'  move- 

ments were  very  slow,  slower  than 
ordinary  amoelDEe,  and  being  translucent,  it  was  only  by 
careful  illumination  that  they  could  be  watched.  Two  of 
them  are  sketched  at  Tigure  xciii,  in  the  act  of  protruding 
long  processes  of  their  substance  among  some  animalcuhe 
which  have  become  encysted  on  the  walls  of  the  tul)e.  This 
moving  substance  presents  precisely  the  same  microscopical 
appearances  as  the  hyaline,  glary  matter  surrounding  the 
encysted  bodies.  The  little  colony  depicted  of  the  latter 
was  watched  for  several  weeks,  but  no  changes  took  place, 
consequently  the  nature  of  the  encysted  bodies  could  not  be 
made  out.  It  is  very  remarkable  that  such  bodies  retain 
their  vitality  so  long,  as  they  must  have  imbedded  in  this  dry 
soil  for  several  years. 

FYZABAD. 

There  were  a  few  cases  of  cholera  in  this  station  also, 

but  fortunately  only  two  deaths  oc- 

Fyzllad?^  cantonment  at    currcd  among  the  European  soldiers. 

The  cantonment  is  situated  on  slightly 

elevated  ground  on  the  banks  of  the  Gogra,  but  no  part 

of  it  is  swamped  by  tliis  river,  nor 

^Beiationoftherivertothe  ^gKevcd  that  the  risc  and  fall 

of  the  river  affects  the  condition  of 

the  wells. 

The  soil  is  sandy  everywhere,  except  near  the  bed  of 
the  river,  where  there  are  more  traces  of  clay.  Here  and 
there  a  layer  of  kunkur  is  interposed  between  the  upper 
more  clayey  layer  and  the  lower  one. 

A  few  samples  of  the  soil  were  preserved  for  subse- 
quent examination,  the  result  of 

Examination  of  the  soil.  i  •  i  i  •      ai  « 

which  may  be  seen  in  the  table 

below. 

On  being  microscopically  examined,  nothing  which 
could  possibly  be  construed  as  having  the  most  remote  con- 
nection with  cholera  could  be  seen.  No  spores  of  fungi 
could  be  identified,  and  the  infusoria  which  became  revived 
in  the  course  of  a  few  days  were  of  the  ordinary  kind 
(Kg.  xciv). 
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occurred  among  the  European  troops, 
aiiorSort."*^  '"'^^    altliougli  it  was  formerly  considered 

one  of  the  places  exempted  from 
Idemics  of  cholera.  They  had  suffered  severely  in  April, 
1  still  more  so  in  August,  sunstroke  having  heen  excccd- 
;'ly  prevalent  among  the  native  population  as  well  as 
Dlera.  Every  effort  was  made  to  get  all  the  information 
ssible  concerning  the  epidemic,  more  especially  relating 
those  points  which  seemed  to  bear  upon  the  question 
to  whether  or  not  the  origin  and  spread  of  the  disease  had 
y  connection  with  the  ground  upon  which  the  people  stood. 
The  cantonment  is  situate  on  a  low-lying  plain,  sur- 
rounded by  numerous  hills,  on  three 

elation    of    cantonment     ^^^^^^  ^jj^  ^.J^gj,  Morar    OU  tllC 

other.  Some  of  the  barracks  are  situ- 
?d  below  the  level  of  the  river,  so  that  the  drains  have  to 
taken  in  another  direction.    Other  barracks,  such  as  the 
es  allotted  to  the  Artillery,  are  about  seventeen  feet  above 
e  level  of  the  Morar. 

An  embankment  has  been  erected  across  the  bed  of 
e  river,  so  as  to  provide  the  station  with  a  sheet  of  "  orna- 
mental water,"  about  a  quarter  of  a 
e  artificial  lake.  mUe  at  its  widcst  part,  and  increas- 

g  the  depth  of  the  river  for  about  two  miles  above  the 
m.  It  is  not  improbable  that  Dr.  Pettenkofer,  had  he 
en  here,  would  have  made  minute  inquiries  as  to  the 
tent  of  moisture  supplied  to  the  neighbouring  subsoil  by 
is  artificial  lake. 

The  wells  are  from  twenty  to  forty  feet  deep;  the 

variation  is  said  to  be  about  five, 
•epth  and  variation  of    r^i^^  ^^^q^.      considered  to  be  good. 

Dr.  Whitwell  has  examined  it  very 
tcly,  and  has  kindly  favoured  me  with  the  particulars  of  the 

analysis  of  an  average  sample ;  in  this 

luality  of. water.  ^^^^^^  ^  amOUUt  of 

ganic  matter,  and  no  excess  of  deleterious  salts.  There  are 
^o  kinds  of  soil  at  Morar,  the  red  and  black  soil ;  both 
'utain  persalts  of  iron,  with  lime  and  magnesia,  but  no 

nitrates  nor  nitrites,  as  one  would 
nack  and  red  soil  j^^^^  cxpectcd  to  find,  had  the  ground 

sen  tainted  to  any  great  extent  by  the  ordure  of  other 
i,vs!  nnv  was  the  amount  of  oxidisable  matter,  as  ascer- 
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cxoGSsivo,  indicating  that  the  barracks  and  their  surround- 
ings had  not  recently  been  subjected  to  contamination. 

The  "  black  soil"  was  not  universally  distributed  over 

the  surface.   Many  yards  of  excava- 

not  regularly  distributed ;  . .  ,  ♦       .         i  •  i  , 

tions  were  examined  m  which  not  a 
trace  of  this  kind  of  soil  existed ;  in  others,  again,  a  stratum 
of  it  was  seen  extending  for  long  distances ;  at  one  end  the 
layer  might  be  ten  feet,  or  more,  in  thickness,  gradually 
diminishing  until  it  was  finally  lost  in  the  red;  below  these, 
a  gritty  sandy  layer  exists  in  which  water  is  found.  The 
foundation  of  several  blocks  of  buildings,  which  were 
about  being  erected,  were  seen  to  present  this  uneven 
distribution    of   black   and  red   soil,   consequently  the 

floorings  of  such  buildings  will  vary 

hence  a  barrack  may  stand     4„     xi  v.     x    i.  i  •  i  j.i 

on  soils  of  varying  porosity.  oxteut  to  which  they  are 

permeable  to  gases,  &c.,  from  below ; 
because  the  porosity  of  the  red  earth  is  considerably  greater 
than  that  of  the  black.  If  Pettenkofer's  theory  be  true, 
a  building  placed  on  this  black  clayey  soil  ought  to  be 
in  a  better  sanitary  condition  tlian  those  built  on  the  red — 
other  things  being  equal.  The  relative  porosity  and  amount 
of  organic  matter  may  be  ascertained  by  reference  to  the 
table  at  the  end  of  this  paragraph.  The  samples  enumerated 
are  _  only  a  few  of  the  ones  examined.  General  Vaughan 
having  most  kindly  procured  specimens  from  every  portion 
of  the  cantonment. 

The  cholera-camp  was  four  or  five  miles  out  of  the 
Cholera-camps.  statiou,  near  the  summit  of  two  or 

three  little  rocky  hills,  the  hospital 
apparently  having  a  little  hill  for  itself. 

The  Fortress  of  Otvalior  is  about  six  miles  to  the  west  of 
the  cantonment  of  Morar.  It  stands  on  a  rock  whose  summit 
Portress  of  Gwaiior.  ^^P^*      ^^il^  in  length  and  about 

^  mile  across  in  its  widest  part,  and 
from  300  to  <100  feet  high,  the  ascent  to  which  is  very  steep. 
Immense  fissures  may  be  observed  in  the  rock  whilst  ascend- 
ing the  steep  towards  the  gate  at  the  entrance  of  the  fort, 
these  being  for  the  most  part  filled  with  earth.  On  enter- 
ing tlic  fortress,  nothing  is  seen  but  huge  blocks  of  building's 
standing  on  a  barren  rock  strewn  with  a  few  half-withered 
trees,  or  rather  shrubs.  The  surface  of  the  rock  is  naturally 
A  barren-  fissured  rook  ^^^^^  uncvcn,  stouc  forming  tlic  found- 
ation of  one  end  of  a  building,  wliilst 
ireciuenlly  "  made"  soil,  to  the  depth  of  twenty  or  th'irty  feet, 
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of  sandstone. 


fonns  the  foimdation  of  tlio  ol,lior.  Tlio,  rock  itsolf  is  a  sand- 
stone;  splits  to  any  extent,  and  very  easily  woi-ked  wlieii  \v(.'t, 
but  excessively  hard  when  dry.  It  is  ])orous  to  the  extent 
of  one-third  of  its  bulk,  consequently  able  to  retain  a  great 

amount  of  any  sewage  that  may  be 
thrown  upon  it. 
The  heat  on  this  rock  is  very  great ;  it  is  much  com- 
plained of,  especially  as  it  continues 

Temperature.  .  i      j.i  i    i        •   i  i.  i 

durmg  nearly  the  whole  night,  be- 
cause by  the  time  that  it  begins  to  cool,  the  rays  of  the 
sun  are  directed  towards  it  again. 

The  samples  of  soil  obtained  consisted  entirely  of  rul)- 

bish ;  there  does  not  seem  to  be  an 
inch  in  the  place  undisturbed  by  mtxn 
until  the  bare  rock  is  attained. 


No  original  soil. 


Tadle  sJmving  relative  porosity  and  organic  matter  in  the  soil. 


Soil  from 

Depth. 

Amountof 
air  in  100 
parls  of 
soil  by 
measure. 

Permanga  n  a  t  e 
solution  re- 
quired to  give 
a  pcnnancnt 
liiittoloz.soil, 
lOozs.  water 
requiring  4  de- 
cerns of  same 
solution. 

(22ei2.) 

No.  4  BaiTact,  occupied  by  E.  A.  ... 

3 

-100 

6  decerns 

Ditto  ditto 

0 

40-6 

9      „  ■ 

No.  9  Barrack,  occupied  by  103rd  ... 

3 

00- 

0  » 

No.  2  Barrack,  ditto 

3 

5  „ 

No.  4  Barrack,  occupied  by  E.  A.  (Yellow  clay) 

3 

45- 

4  „ 

(SZacfc.) 

No.  2  Barrack,  occupied  by  E.  A.  ... 

3 

34- 

n  .1 

Ditto  ditto 

0 

38- 

4 

No.  6  Barrack,  occupied  by  Md.  Qrs.,  E.  A. 

33- 

0 

The  epidemic  at 
preceded  by  rain. 


MEERUT. 

Cholera   visited  this  station  in  September  and  tlie 

beginning  of  October,  having  been  pre- 
Mcerut    ^^^i^^      ^  ^^^^^  fj^^j     ^^^^^  ;Nine- 

teen  cases  occurred,  with  fourteen 
deaths,  among  the  European  soldiers,  whilst  about  a  hundred 
cases  occurred  among  the  natives  of  the  bazaar.  The  canton- 
ment is  situated  on  a  large  plain,  with  scarcely  any  fjill,  conse- 
quently not  admitting  of  good  natural  drainage.  There 
is  a  deep  ravine  separating  the  European  and  the  Native 
lines,  on  either  side  of  which  for  a  short  distance  good 

clay  is  found  ;  otherwise  it  is  rather 
Nature  of  soil.  ^^,^^^^1^    cvciTwhorc,  quicksand  being 

frequently  met  with  in  digging  the  foundation  of  a  building. 


■  MOV! 

IrS.  Vaonous  sta|e8  of  Mnnas  Lens 
T.-8.  Eu^lena'?i 
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FIG.  XCVI     DEVELOPED  IN  MOISTENED  SOIL  FROM  MEERUT 
FIGS.XCVII  CI  PESHAWUR 


I 


VISIT  TO  MJiERUT. 


75 


The  wells  are  not  very  deep,  Wcater  being  generally 
attained  at  about  10  to  12  feet  from  the  surface,  the  extreme 
variation  in  which  is,  according  to  Dr.  Berkeley,  about 
five  feet.  Bain  rapidly  affects  the  level  of  the  water  m  the 
Avclls  the  amount  of  rise  of  the  latter  being  almost  equal 
to  the  fall  of  the  former.  This  is  the  reverse  of  what 
occurs  at  Allahabad,  where  a  great  portion  of  the  rain- 
fall either  drains  to  the  river  or  is 
Intimate  connection  be-  evaporatcd  bcforc  reaching  the  per- 
tTe  wenr'''"'^  ^""^    manent  water-level.     This  intimate 

connection  between  the  wells  and  the 
surface  at  Meerut  is  of  great  sanitary  importance.  Seeing 
the  ease  with  which  any  sewage  may  get  .  into  the  wells, 
and  as  the  condition  of  the  ground  does  not  permit  of  free 
natural  drainage,  it  is  self-evident  that  the  greatest  attention 
should  be  paid  to  remedying  this  defect  by  artificial  means. 

In  the  more  minute  examination  of  this  soil,  sub- 
sequently undertaken,  no  evidence  existed  of  the  ground  in 

the  vicinity  of  the  barracks  being  in 
Relative  amount  of  organic    ^  pollutcd  Condition,  and  ou  the  whole 

matter  and  porosity  of  the  ^^^^^^^^  ^^^^  p^^,^^^^  ^y^^^  ^^.j^ 

already  alluded  to,  with  the  excep- 
tion of  the  black  soil  at  Morar. 


Mccnit...' 


Soil  at  a  depth  of  1  feet  from 


Between  Nos.  44  &  46  (lOotli  llegiment). 
„  34&39 
„        „    43  &  48       „  „ 
„        „    1  &  2  (4th  Hussars) 
,,        „    13  &  14    ,,  „ 

Man-icd  Quarters,  No.  16,  R.  A  


Amount  of  nil' 
contained  in 
100  parts 
measure. 


4o- 

50- 

50- 

5.5" 

4G-3 

50- 


Permanganate  solution 
required  to  give  a 
permanent  tint  to  a 
solution  of  loz.  soil  ; 
10  ozs.  water  requir- 
ing i  decerns  of  same 
solution. 


0  docems 
(5 


o 
G 


This  soil  was  examined  mioroscoincally  in  the  same 
manner  as  the  others  were,  with  somewhat  similar  results. 
During  the  first  few  days  its  solution  contained  no  infusoria, 
at  least  not  in  motion,  but  subsequently  they  made  their 
ap})earancc  in  great  numbers.    These  in  unc  sample,  namely, 
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in  tho  soil  from  between  Nos.  1  and  2  blocks,  occupied  by 
i^r-        •  ,       ...      ^^^^   ^^^^  Hussars,    consisted  almost 

Mioroscopiool  examination         j-    i       o        .  ,      a^jioh^u  aiiuust 

of  soil.  entirely  ot  various  pliases  in  the  exist- 

encc  of  monas  lens  (Figs,  xcv  &xcvi). 
ihese  alter  their  form  very  rapidly,  frequently  protrudinL' 
an  amoeba-hke  vesicle,  as  seen  at  Nos.  1  to  5,  Figure  xcv, 
which  rej)resents  one  animalcule  assuming  different  forms'. 
There  are  also  great  numbers  of  very  minute  amoeba)  (G) 
which  seem  to  be  an  earlier  stage  of  this  animalcule,  and 
Avhen  it  gets  older  it  becomes  elongated  (7-8),  sometimes 
acquiring  two  filaments.  They  are  frequently  seen  to  mul- 
tiply by  division,  as  seen  in  Figure  xcvi,  where  No.  3  runs 
through  the  stages  delineated  at  4  to  7  in  the  course  of 
five  minutes,  the  two  at  7  becoming  as  perfect  in  all  points 
as  the  original  one.  The  green  bodies  in  the  figures,  which 
rolled  about  the  field,  are  algce. 


PESHAWUR. 

The  Sanitary  Commissioner  having  subsequently  visited 
soil  from  pesnawur.  Peshawur  (where  over  350  cases  of 

cholera  were  reported  as  having  oc- 
curred during  the  month  of  September  among  the  European 
troops  alone),  favoured  me  with  two  samples  of  soil,  one  sample 
from  a  depth  of  three  feet,  and  the  other  from  a  depth  of  six. 
It  was  in  hard  lumps,  of  low  specific  gravity,  owing  to 
,      ,  its  spongy  nature,  exceedingly  like  a 

Spongy  nature  of  soil.  •     ^        n  .  ,  i  i 

piece  01  pumice  stone,  and  when 
applied  to  the  lips,  so  freely  could  air  be  made  to  pass 
through,  that  a  feather  placed  on  one  end  of  a  table  could  be 
readily  blown  to  the  other. 

Its  solution  was  slightly  alkaline,  and  contained  rather 

more  organic  matter  than  tlie  average, 
as  may  be  seen  from  the  subjoined 
table. 


Its  relative  porosity  and 
organic  contents. 


Soil  rrom  a  duplh  of 


Feet. 
3 


Amount  of  air  in  100  parts 
by  measure. 


50- 


PormanR.innto  solution  rctiuircd  In 
give  a  permanent  tint  to  n  nolulion  nl' 
loz.  soil,  10o7,s.  water  rc(iuiriug  1 
decerns  of  same  solutiuu. 


10  decein-s 


FIGS.  Cll    CVI    DEVELOPED  IN  MOISTENED  SOIL  FROM  PESHAWAR 

VARIOUS  FORMS  ASSUMED  BY  ONE  in  TWO  MINUTES 
FIG.  evil  FOREGOING  BECOME  SPHERICAL  &  STILL 


rESHA-WIJll  SOIL. 
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It  was  subjected  to  a  prolonged  microscopic  examination. 

Puring  the  first  three  days  a  number 

Microscopic  examination.  niolccules   dcvelopcd  in   the  fluid 

containing  the  three  feet  soil ;  then  an  abundance  of  animal- 
cules like  the  ones  alluded  to  in  connection  with  the  Meerut 
soil  (Fig.  xcvii,  2-3).  At  Nos.  5,  6,  and  7  various  forms  are 
depicted,  assumed  by  one  in  two  minutes,  which  was  also 
occasionally  seen  to  jerk  suddenly  in  the  same  manner  as  2 
and  3.  The  reddish  body  at  1  is  a  spore,  probably  belonging 
to  the  Dematiei  family — a  very  common  fungus. 

The  test  tube  containing  the  other  sample  of  soil  from 

a  depth  of  six  feet  having  been  left 

Anotlier  of  Hiickel's  Afo«er«(?)  t  j.     i     i  i?  i  .  ^ 

undisturbed  for  a  M^eek,  was,  on  exami- 
nation, found  to  contain  several  examples  of  slimy  bodies 
of  a  lower  organization  than  the  amoeba,  there  being  no 
contractile  vesicle,  although  generally  one  or  more  vacuoles 
were  seen  (c) .  Nearly  all  of  them  contain  molecular  matter, 
which  flows  towards  the  portion  of  substance  in  the 
act  of  being  projected.  Figures  cii  to  cvi  illustrate  the 
various  forms  assumed  by  one  of  these  in  the  course  of 
twenty  minutes.  They  were  not  seen  to  divide,  nor  did  the 
protruded  processes  become  amalgamated  when  they  crossed 
each  other.    A  great  number  of  vibriones  developed  in  this 

solution,  more  so  than  I  had  observed 

v™t!°''^'   unusually   pre.  ^^j^^j.    specimens  of 

soil  examined,  and  were  very  active. 
These  are  figured  at  ci,  amongst  which  one  of  the  just  des- 
cribed inoners  is  seen  with  extended  processes,  which  were 
observed  to  wander  throughout  the  fluid  something  like  the 
"  horns"  of  a  snail.  To  these  processes  monads  and  small 
vibriones  adhered,  which  were  drawn  into  the  substance  of  the 

moner  as  the  processes  were  retracted. 

Monera  become  spherical.  ,  ^  i        n    j  i 

Three  days  afterwards,  all  the  nioners 
had  become  spherical  and  perfectly  still  (cvii). 

The  other  animalcules  which  made  their  appearance 
were  those  commonly  met  with,  and  require  no  special  des- 
cription. They  are  figured  at  xcviii  and  xcix,  where  the 
names  are  also  given. 

Ilaving  already  alluded  to  the  chief  points  in  connection 

with  these  experiments,  whilst  des- 

Concluding  remarks.  .■■  .  .  ,  .  .,  , 

cribmg  the  various  places  visited, 
it  is  not  considered  necessary  to  refer  to  them  agaiu.  The 
observations   concerning   the   physical   geography  of  the 


78 


CONCLUSION, 


stations  are  ol  a  more  superficial  nature  than  I  could  havo 
desired,  but  the  time  at  my  disi)osal  was  very  limited,  and 
correct  inlormation  on  such  matters  could  not  be  obtained 
without  personal  inspection.  It  will,  indeed,  be  evident 
that  the  experiments  referred  to  in  the  whole  of  this  report 
are  ot  an  elementary  nature.  Tiiis  is,  in  part,  owing  to  the 
short  period  which  has  elapsed  since  they  were  commenced 
partly  also  to  my  having  been  tempted,  by  tlie  desire  for 
results,  to  keep  too  many  irons  in  the  fire.  I  trust,  however, 
that  what  has  been  done  will  prove  to  be  a  foundation  where- 
upon better  things  may  be  built. 

In  conclusion,  I  respectfully  tender  my  most  sincere 
thanks  to  Dr.  Muir,  c.  b.,  Inspector  General  of  Hospitals, 
British  Troops,  for  the  assistance  which  he  has  so  gladly 
rendered  on  every  possible  occasion  to  further  this  inquiry, 
and  for  the  personal  interest  he  has  taken  in  the  details 
thereof;  also  to  Dr.  Cuningham,  the  Sanitary  Commissioner 
with  the  Government  of  India,  for  similar  aid,  not  less 
cheerfully  given. 


